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Preface - - > " * 

From 1978 to 1981, the U.S. 
Department of Energy (DOE) . 
awarded more than 2,000"small 
grants to individuals, organizations 
and small businesses across the 
nation to research and demonstrate 
appropriate technologies^Grants 
were given in the general areas of 
conservation, solar, biomass, wind, 
geothermal »Lhydro power. 

This booklePls part of a series of 
publications that focuses on appro- 
j^fiate technologies^and their applica- 
tion in the hi;m\e and the Work place. 
These publicafions combine a quali- 
tative assessment of the results of 
grant projects with current research 
for the pai^ular technology high- 
lighted hAhis document. In 
Appepdix A, at the back of this pub- 
lica^n, is a list of pertinent projects 

iewed ih preparation of this 
document. \ 
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( . ^m mericans hirve made substantial progress in learn- 

^ y * JL JL ing how to reduce residential energy consumption. 

In particular, well-insulated, virtually airtight houses are 
being built that cut heating co^ts to a tiny fraction of those 
of conventionally built houses. But, these changes^ in 
building^ technology have highlight^ ^or]^cems about 
proper ventilation, A growing body, of evidence is 
h • ■ showing that specific ventilation strategies are essential in 

* • , ' enerjfy-efficient houses to handle a wide range of potential 

indoor air contaminants. 

At present, one of the best available solutions to the 
conflict between ventilatio(i aiTfl energy costs in this type 
. * '"of housing is the air-to-air heat exchanger, a i an-poweped 

' - ' ventilation device that recovers heat from stale, outgoing 

. ' • air. 

} ^ " V Air-tf)-air heat exchangers were researched and 

. developed in the U.S. Department of Energy's Appropri- 

) ' ate Technology Small Grants Program, 1978-1981. This 
publication will examine the result's of this yyork as well as 
provide information for builders, architects and skilled 
. owner-builders on the basics of using air-to-air heat 

' exchangers in residential settings, including: 

• how heat exchangers work; 
' • why they are needed and when they are appropriate; 

^ " ■ • how to choose an adequate ventilation rate and a 

- . • • . machine that fits the purpose; 

* ' . • how to install, control and maintain the itiachine; 

• assessing the state-of-the-art in this technology; and 
. • • information on suppliers, ventilation standards and 

where to*^ go ^or further information on heat 
, , exchangers. " • ' 
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' OVERVIEH: 



HEAT RECOVERY VENtlLATIO}^ . 



In their search for way^ to reduce home heating costs, 
several gfai\tees turned to recapturing individual 
sources of "w^ste'' heat in the home, such as clothes 
dryers, hot attics, refrigerators and other appliances (see- 
Appendix A). While some of this work holds promise and 
may be. of interest to appliance manufacturers, m6si resi- 
dential waste heat recovery options, are not yet commer- 
cialized, and some of these technologies have significant 
hurdles to overcome. * 

¥ot example, one grantee developed a device to recover 
waste heat from clothes dryers and retrofitted ^2 ^ 
. conventionally constructed houses in the community vN^ith 
this device /So me heat was recovered, but nearly half the 
participants in the project reported excess humidity. It is 
clear that more research is needed to develop a ^way to 
recover waste heat from f lothes dryers that doesn't pollute 
indoor air with excess moisture, lint and the products of 
laundry additives. 

This publication focuses primarily on the work of grant- . 
ees who took another route — heat recovery ventilation. 
Instead of trying to recover waste heat from individual 
appliances with separate technologies, the concept here is 
to \pui\d houses that are so energy efficient and lose so little 
heat that much of the heat from all indoor sources is 
retained, through substantial thermal improvements and 
the use of mechanicafl ventilation with heat recovery (see 

Ventilation For Superinsulation). At the current state • 

of the art, it is more cost effective to improve the overall 
thermal efficiency of the house than it is to attempt t6 " 
increase heat supply through recapturing heat from 
individual appliances. In effect, most of the "waste" heat 
in the house is conserved at once with a single technology. 

Reviewing the grant project results reveals that while 
heat recovery ventilation is commonplace in large-scale 
applications, jts use in residences, on the farm and in small 
businesses is just beginning. In 197Q^ when the first proj- 



ects got u 
was a new. 
grantees 
develo 
por irStan' 




ay, residential heat recovery veftilation 
Bpstly untried," technology. Yet, several 
ts potential, and attempted to 
evices. 

a builder in Illinois set abouT building 
superinsj^ated houses, usiffg early research in this field as 
his guide> Realizing that ^xce^ moistOre might be a. 
problem In his tightly .cojnstructed house, the builder 
plannecj to. u$e dehumidification, not ventilation, as his 
^answer to^this^pote^itial problem. In the midst of his proj- 
ect, he recognized ^that dehumidification and ventilation 
coujd be accotnpll^ed at. th'^SVP^ vvith an air-to-air 
heat exchanger. But because he wouldn't find such a 
device on the market, he attempted to build his own. This 
grantee's experience is not uncommon; many builders 
have "discover^y" superinsulation, but they often know 
little about one of its major components — mechanical 
ventilatipn with heat recovery. 

Yet, one grantee in Vermont, who was familiar with the 
prom'ise and problems of superinsillated building 
techniques, did extensive testing and development work 
that resulted in the production of a commercially availabfe 
air-to-air heat recovery device that is one of the most 
energy efficient available today. More than 20 firms ^ 
currently produce residential air-to-air heat exchangers for 
the market in the United States, yet consumers and profes- 
sionals need more guidance before they are able to easily 
use this technology. 

The experiences of the DOE Appropriate Technology 
grantees provide insights into tht promise of heat- 
recovery ventilation for residences and agriculture. In the 
emerging field of residential beat-recovery ventilation, the 
signifi(!ant work done during these projects helps illustrate 
how and why air-to-air heat exchangers are fast becoming 
an essential feature in many new and retrofitted superin- 
sulated houses. 



Adequate ventilation is critical for all typ>es of housing, 
but the advent of superinsulation has brought the need 
for a discrete mechanical ventilation system into the 
spotlight. ^ ^ 

While houses have generally been built tighter during the 
last decade, one of the major features of superinsulation is 
virtually airtight construction. This is accomplished with the 
careful installation of a continuous, unbroken air-vapor 
barrier to stop moisture and air . movement through the 
building shell. Also recommended in this type of construction 
is the use of extremely tight windows and doors, and close 
attention to sealing all. breaks and seams in the atr-vapor 
barrier. 

These techniques, combined with much more insulation 
than conventional houses use (often R--^ ceilings, R-40 w?lls 
and R-10 to R-20 under floors and around foundationf in 
cold climates), make for space heating costs that have bf-en 



shown to t)e^as low a^ $100 annually or less in Qur coldest 
climates using small, conventional heating systems. 

This low heat requirement |s possible because as much as a 
third of the heat needed in the house is supplied by heat from 
appliances, lights and even body heat of the residents. In ^ 
conventioq|01y built house, these internal heat gains are not a 
major heat source (Figure 1). ' ' 

Secondly, standard-sized south-facing windows can make 
a significant contribution to heating this type of house 
without additional soUr storage devices. Becfause heat losses 
have been reduced to such a low level, the house can retain 
adequate solar energy in the' mass of the structure itself. 

in the coldest weathe^^ a small amount of auxiliary heat 
may ^ needed when soW gains are sniall or if little activity is 
happ' jiing in the house to produce internal heat gains. This 
neat load is typ cally so little that a minimal heating systeri^ 
such as a small amount of electric heat or a small furnace 



(usiKilly less ehan 25,000 Bluh ciipacilyj is the natural 
c Dmplcmenl io solar arnl ihl<'rpal gains This oUcn means ifi.il* 
ni> lonlral. timej air heahng system is inbtalleJ m this tyjM* of 
hiHising. beiause less expensive options art* available 

lk»cause the supermsulat^ house is so tightly built. projH»r 
venlilalionVmust bt^ a major focus ol the design stage with this 
typx* of constniction !n addition, possible indoor pollution 
:^>urces should also be avoided and sp>ecial attention must be 
given to pro|>erly isolating any combustion devices used in 
these h^>us<»s 



The evolution of Insulation levels for 
resident^l buUdlngs In cold climates. 
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Wecause the technology is new, and because most building 
prolt^ionals have rarely hjd to pmvide a special ventilation 
system for detach<\l, single-^amijy housing, ventilation and 
air quality concerns are frequently overlooketJ. 

Mechanical ventilation^ with a prx>j>erly sized and installed 
air-to-air heat exchanger is the major option for the 
ventilation system in superinsulated houses, because needed 
ventilation can l>e supplied without action on the occupants' 
part and at lower cost than with other strategies, such as 
opening windows or doors. j^. 



A good design and careful 
construction are essential 

.(^tjKMtji altenhon Io cielailsj^ crucial 

10 Hie SUC< OSS ol t\ SUPOtrt|*ji(tJ»lOcj 
house lis onoiyy conSGtjv|i>^^» 
P(."l()jnuin(;.o (joponcJs on oJcaci 
Lonsirucjion 

ir^oro iifff Ihroo koy Ooiiian olomoftis 
ilisiiuyuusn a supentisumlod 
house 

1) High l«v«ls of insulation; > 

2) a continuous vapor barrltr -' to 

ensj^jie that the ontire "onvolopo'" »s 
airtight and 

3) an alr-to'air haat exchanger -- to 

Koop indooi an troyh wUhOut losing 
hf»at 





SOLAR QAINS 

jA (pw well picicod 
windows ) 



INTERNAL QAINS 

(Apphances. hghts. 
ever^ body hoal ) 



BACKUP HEATING 
SYSTEM 

(Much snnalief than . 
normal 



COMFORT 

(Wiin total cost for 
space neat less lhan 
$iOO/yeaf ) 



Figure l : Supcrinsulation is a fast 'growing trend in northern climates. Sohr gains, intetTial gains from lights, appliances 
ami occupants, and a small back-up heating system result in comfort at greatly reduced operating costs. 
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An aii-to air heal exclanger is a heal-recovery ven- 
tilation device that pulls stale, wanxt iair from the 
house and transfers the heSt in that air to t\ie fresh, cold 
air being pulled into the house. Heal. e;?ic|^?gigers do not 
produce heat; they only exchange h^at' from one air^ 
stream to the other. ^4 ' . 

The heat transfers to the fresh air Mreartti in the core of 
the heat exchanger, which is often madeiof thin sheets of 
plastic, treated paper or metal. In the iype of machine 
featured in this publication, the core isMesigned to avoid 
mixing of the two air streams to ensure that most indoor 
pollutants are removed in the stale air jitream. Moisture in 
the stale air condenses in the core and js drained frotn the 
machine (Figure 2). . , . 

Resiclential heat exchangers corpe in /two basic types: 
small, through-the-wall units that, are about th^ siz<? of ^ 
room air conditioner and -central, ducted whole-house' 
models, many of which are about the size of\a,typic&l 
water heater. . , ' 

Small efficient fans powec the two separated air 
streams,, and research indicates that the most efficient 
residential heat exchangers on the marjcet can recover as 
much as 70-80 percent of the heat in the stale air. 

Although air-to-air heat exchangers are n^\y to fhie 
residential maiket. they have been in use for many 
decades in large cornniepcial, industnal^nd hospital appli- 
cations. Residential air-to-air exchSngere were Brst intro- 
duced in North America'in the late.JP970s, when Canadian 
researchers built a test house that was>o tightly con- 
structed that extra ventilation was qeeded. Those doing - 
research With sup^rinsulated houses SQon focused on the 
air-to-air heat exchanger asrone Way to provide constant, 
reliable ventilation, thus avoiding potential indoor air 
quality and moisture problems. 



Why are Air-to- Air Heat Exchangers Needed? 

V 

All houses need ventilati6n with outdoor air to provide 
a comfortable, healthy environrhent. This ventilation 
dilutes pollutants that are generated indoors (see SOURCES 

Of PoLiUTioN In The Home). 

The air quality of a house depends on the number and 
^verity of the pollution sources in the house! aqd hpw 
^ f^st the pollutants ai^ being removed, whether by exhiiust 
fan or throu'gh air leaks. A tight House can have aiic/ept- / 
able indoor air quality if no lyiajor pollution soqrces ^Inein/ 
the house,. and conversely a "leatc.y" house can have poor 
air Quality if lots of sources are'present. ' . \ ^ 

•Ventilation through air leaks, or infiltr^ation and exfiltra- ' 
tibial, vis extremely changeable. And, jnost experts- ^gree 
that air leakage is not a reliable vyay to provide unifojw or - 
effective' ventil/ition. This is- because, infiltration dief>ends 
on many factors: the rate of air le^akage depends on wind 
speed and direction, the type of heating plant, and On tl'^e ' 
temperature difference between the indoors and outdooi-s. 

In addition, . the' locatigi^ of "the air leakage "points 
around the -house can effect tll« rate of (infiltrations One ^ 
cause of Infiltration, the "*>tackyifect," is\lriVenr by warrii ^ 
air pushing out through the uppec regions of'tWe^ouse,^ 
thereby pulling cold air into the hoijse iro\n IpwdrVegions 
(Figure 3). Consequently, if most of the air le^k^ occur ^ 
around the foundation, with few air leaks throJjgh- the 
, ceiling, infiltration Would probably.be less than if the, 
house had air leaks both high and low. ^ . 

Most con^^entional houses rely on ventilation from air 
leaks in the buildings shell. Opening windows and doors 
is always an option, but the cost and di*tomfort of allow- 
ing air to rush into the house during cold weather often 



FIGURE 2: This simplified sch^atic diagram shows the essential domponents of an air-to-air heCit exchanger, 



W%%X Pastes From the Outgolnji to th« Incoming 
Air Strssm Through Thin Mttal or Plastic ShMts. 
(Only 0ns Shsst Shown For Clarity). 



Frssh, Wai-msd 

Air Supply 
To House 



Warm, Moist, Stale, 
Pollutitd Return 
Air From House 




gfr 



rrm 



Fresh, Dry, Cold, 
Outsfde Air 



m\\\\m 



Cooled, Stale 
Cxhaust Air 
To the Outslds^. 



NWIsture In House Air Reaches "Dew Point" end 
C9ndensee When Cooled By Losing Heat touthe 

Incoming Air Stream. '— — ^ — 



CONDENSATE 
^ DRAIN TO SEWER 



Pollution Stays in the Outgoing Air Stream and Is 
Exhausted to the Outside. Ot Does Not Pass Through 
the Heat Exchanger Gore Sheets), 
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riGURF-3; THi^ <itack effect otic sigruficivit wf}/ it\ 
which Ci^itivcntiOJialli/Jutilt houses hsc heated iiit tfirough 
U\f\ltratjoh iitid cxjiUnitiotx. ' . ' 



lt\uls mosl people to avoid naturally ventilating the house 
in this manner. UnloiiunakMy,.' many people leave residen- 
tial ventilation to chtince; since most ot us don't know the 
M*verity of pollution concentrations or the ventilation rate' 
of our homes, have no idea (It whether ventilation is 
adequate when windows and door?^ are closed. 

Air leakage is expresst^d in terms of "^lir changes per 
hour" (ach). One ach' indicates that a volume of air equal 
to the whole votume ot the house enters tl\e house each 
ht,Hir. However, duf to the uncontrolled nature of infiltra- 
tion., one ach does not mean tb^t the house will experience 
uniform or complete removal of contaminated air, nor 
that all the air in the house is completely replaced each 
hour. 

Studies of air leakage rates indicate that most conven- 
tionally built houses have air leakage rates that span a 
range from a low of about ,25 ach (one air change in four 
hours) to about 2 acH' (two air changes each hour). At 
pres^Mil, it is still difficult to easily characterize the prob- 
able air leakage ra^e of the "average" housO, although 
Mime researchers have put it in the .5 ach to 1.5 ach range. 

An important point to note here is that air leakage does 
not happen at a constant rate. It varies uncontrollably, 
depending on many factors. For example, a house with a 
measured air change rate of .5 ach during the winter may 
have negligible air change in the summer when tempera- 
ture differences are ynalK Or, this house may have 1 ach 
during windy weather because of its location and the loca- 
tion of ^he iiir leaks. In other words, ventilation may be 
more. than adequate (which carries an energy penalty) at 
some times, and inadequate at others. In addition, re- 
search has indicated that the rate of air leakage In various 
rooms in*the same house can differ by as much as 10 to 1, 
meaning that some rooms may often have inadequate 
ventilation, while othefs are drafty and uncomfortable. 



Some superinsul«it<id house? in cold ( limales have been 
shown to have air c}iange r«\tes as low as .0? ac h (one ^ir 
i'h«inge ^^evy 20 hour^). 1 Hese extremely l>ghl luuiv>S need 
additional ventilation ^^o make them s^ile tor occupancy. 
The air-to-air heal exchanger can pj(>vide necQss<^ry ven- 
tilat-ion at a Constant, predictV)ble rate, thus er\suring ade- 
quate ventilation with «) smaller energy cost. 



Can the Air to-Air" Heat Ex<:hanger Handle 
Heavy Pollution Concentrations? 

•4n low-infiltration housing, the air-to-air heal exchanger 
is used to replace v^tilalion tKal has traditionally come 
from air leakage. MMufacturers of whole-hoas<* heal ex- 
changers haye, in-3osigTung their machines, sized the 
machines to provide a^ct^^iin amount of ventilation. This 
I i|i jxjty^^fl'nii to the size of the house. In a typic^il 
l>2pO-squareT'oot house with no'basc^menf, <1 whole-hou^e 
heat exchanger could provide up to about 1 ach over the 
house's natural air'leakage rate, ' 

Studies have shown, however, that to remove heavy 
poHulion concentrations, significantly hij>her levels c\t 
ventilation could be needed. For example, t-o it^move' 
pollutants generated by an unv^nted gas cooking range, 
Research has indicated that 7 ach (in tfie kitchen) would be' 
needed to keep pollutants at a low level. A vented range 
hood can. supply this ventilation^by quickly withdrawing 
the polluted air before it can mix with the air in thc%i*st of , 
thehouse. 

The air-to-air heat exchanger ctin do an excellent ']oh of 
supplying ventilation often at a lower cost, and more 
reliably than ventilation through air leakage^ but neither 
the exchanger or simple air leakage should be expected to 
handle heavy pollution sources by themselves. 



When is an Ahr-to-At^ Heat Exchanger 
Appropriate? 

A mechanical ventilation system is an essential cotnpyo 
nent i>i superinsulated houses. If a^controlled ventilation 
system isn't installed in these tight houses, a number of 
problems can arise, including excess moisture that is often 
seen as water ccfndensing on windows. In addition, oc- 
cupants can ^find themselves suffering fronV burning, 
watery eyes, ^ff^quent headcolds and respiratory prob- 
lems. These and other symptoms are sc^metimes reported 
by occupants in residences with inadequate ventilation. 

The question here is one of providing needed ventila- 
tion. Heat recovery ventilation, such as that provided 
with'an air-to-air heat exchanger, is one wafy to provide^ 
necessary ventilation without ^he energy, penalty associ-"" 
ated with simple mechanical ventilation without heat 
recovery. ^ 

There is little question that air-to-air heat exchangers 
can provide uniform, cost-effective ventilation in superin- 
sulated houses. But, whether' heat exchangers are the 
answer in more conventional housing is a matter of debate 
and a subject for further research. 

Preliminary research in Sweden indicates that if the . 
house isn't tight enough; air flows can be "short-circuited" 
by too many air leaks in the house. This ^hort -circuiting, 
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c.in nuikr loi poor ,\u dislnhtidon \wll as lovvvrtul heal 
ri'i ovfi V t'fli< UMi( \ ()lhn Ivprs dI h(M( -rci ovtMv vcrilila 
hoii an- hciny^ fiiiployftl in iUv^- leNs-than-lighl lunm'?> in 
Sweden, hui ihvs*.* U\ hnologit^s arc not yo{ available iivtht' 
Utiitril Slafrs ^ , > 

Unril suila)>lc liral ivcovory vt^ntilalibn slralt'gH»s arv 
^ivailabir. ktiown vent iKil ion nu*llu>tls may be the besh'ap 
l>it)aih in i nnvrntu)iu\l hi)us4.*s thai necil adtlilional v(Mi- 
hlalinn. Several nuuuijai.turers ol foired air fiealiag and 
i oo.hti>; equipnienl have added ll\e o[>(K>n t>( adding an 
ourdoDi aif duel dial isdiiet lly eontieeled lo the relurn air 
duri ol ihe. healing or i ooluig system. This duel has a 
manual datnper th.m ran he adjusted to provide more out 
door ait lor ventilation when it is neeileel Other available 
venlilahon of>tions mtlude opening vvincJows and doors, 
spot ventilation with range hoods and v^ent fans that are 
dui led lo-'fTie oultloors, and whole hous*' airing, either 
[>assively or with meehankdl methods. 

As t>ne granlt*e rn Aiuona tlis<overed, w^hole hous^» air 
mg IS an energy-elf leient vertliljtion strategy that can 
r;etlure summer tooling costs as well as provfde needed 
venlilahon When the house is aired at night -with a 



vvholc luuiM' Tan. ni>».h| an tools dir (hnmal ma-s o( llw 
house lediK ni)'. ene!}',\ unc loi ( ooIhm- dm iji>- jmpI dir 
day. 

Some r^eseart hers riole howe\|^i iIkjI ln>.ii e\Ju!n>»ers 
may *v loslelleihve wwy lo -solve dilluuh r\v oss 
moisluK' [)!oblems m tonvenlional lunisnt}; II \\\c i\\icM 
ol nu>isUire dama>;e is si>;ni| u ant . ihe he.il o\Jian>;ei mav 
be able to i)uu kly pay loi ilsell in s.ivin>»s hom 
repcur oi m.nnleruuu e Tosts, 

hi conyenlionally bmll houses dial have l>een e\len 
sively (ighliMied known pollution somees should alvvav*» 
be rediued. isolated or ojhenviM* t1)nt*olled at (he liine ol 
ihe wealheii/atiori work. 11 -moisl uic problems or he^illti 
prt>blems persists lhe houM' (ouKI be tested to deteiiiune 
the air ehang(> rate^ 1 his-^rTin b(> .u t omplished witK the um* 
ol a blower door^^devue Hu^ energ,\' oiimm v.ilioh ion 
luu tors arul age^iXiiV^to presstiii/e the housi* arul g.el 
an estimation ol the \]/ 1 hange rate, Kememb(T that 'this 
rate isn I a y^nstarU and will \;.ir-\' vvilh the Hbhei ,md 
oilier laelo^s. Inliltration rates are g,eiuM>irtn^al their 
highest m tlie wihlei when temperatuie di>^'reni es are the 
greatest . , . . 



AuRjpnffuRE Mak^s appropriate . 

USE OF AmzT(>AlR HEAT 
EXCHANGERS 



Reas<ins tiir using air to air heal rxrhangor-s in agneullun' 
parallel ihoM* in the rrsiilontial s<^tting air tt> air heal 
exchangers ran result in heller indoor air quality and rTthienl 
inoisliire levels m animal sheds ami barns, loading to both in 
ereased livestock proiliulion ami energy s<ivings in eolJ 
rliinales 

Bui. unlike residential applualions. the ti>;hlness ol the 
agneullural buiKling is not as entieal in detorniining the cost 
elfet tiveness ol these devices. A rnorv direct payback may 
lorne from improved health ami longevity of the livesU>ck 
UH.">^use ol cleaner, less hurniil air than Ironi heat recovery, 
although heal reiovery reJuces the cost ol this neeiled 
Venlilahon. 

At least four grantei»s us^hJ air to-air heal exihanger-s in 
agruullural seninji:;s. and agricultural applications are sllHvly 
gaming recognition and acceptance - Ciranlees iis<h1 these 
devu es to help ilry com ^uul improve venlilalion in animal 
housing. . , 

li|>** lhe v^P^^'ni^nces of st>nie ol ihost* working»in iFie 
r:(H;idential s<»clor, sorpe of these grantees had difficulties using 



lhe machines, ollen due lo a lack ol- inloniiali(0>i oi pr(>les- 
sional advice. One giMnlee had piohleriis \vi]h ari^HviM reclly 
mounted machine, while another had dilliculty ^o^iAg the' 
ri^hl siztxl machine for his loni drying a[][^ln alfihw A thud 
found it dilhcull lo lind [>roducl inloirnation on aj^fnopriate 
machines lor his [project ' 

Despite these problems, lhe >;ranlees all lound ^M(^mis<' in 
the technology. Meat recovery helped rcduie corn drying 
energy costs by 20 pertenl, one grantee reported. A farmer 
using a heal exchanger in his ^og lar rowing Iioum* was im 
prrsiul with the possif^ililies and jilans to (J|^Hiue his 
ex|H*rimenis. , ^ 

Another granttx* in Vemionl had ( iMisitlerahle ex^uTlist*- 
Vvith heal exchanger's and built several succbsslul pr^Motype ' 
models for agriculture, one of whuh was Held tested in a 
neighboring fjirmer's chicken hous<*' The l.irruer was pleasiul 
with the results:^lhe hisil exc hanger was iretlited with increas 
ing chicken produclii>n by 10 t>enent and rxHhuirig heating 
costs. • 
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PPtLUTION 



Recent research has shown that a surprisinghy large nuin- 
•ber of pollutants can be found indoors, including: 
MOISTURE: A typical fan\ily of four can produce a great 
deal pf' water >fapor in the course of daily living, up to 4 
^ gallons per day. High indoor relative humidity can cause 
si^ificant building damage as wi^ll as health problems, such 
^ " ' as respiratory tfouble? and diseases cause<l by microbial 
growth. ' 

V FORMALDEHYDE; Formaldehyde is most commonly used in 
glues used in the constnicHpn of interior f^articleboard, 
plywood and many caipets and home fumishiiigf. For- 
maWehy^je* also is emitted from improperly installed urea- 
formaldehyde insulation. Formaldehyde can cause eye* and 
lespiratory iijitation, and it has been implicated in other 
• serious diseaskes. 

Indoor Combustion Pollutants: IncJoor combustion, 
whether from a gas-fired cook ?;tove or a fireplace, can 
generate a variety ql pollutants, most commonly carbon 
monoxide and. nitrogen* oxides. Unvented combuskion ap- 
pliances are a partiailar problem, becauee all th(^ products of 
combustion are directly emitted into the room aif. The health 
dangers of high levels carbon monoxide are v/ell known, 
and low levels of carbon monoxide and nitrogen oxides may 
cause a number of health problems. 



Miscellaneous Pollutants: Household pnoducts and 
hobby materials contain many potential indopr pollutants. 
Aerosols are common in most homes, and they ^an put an 
endless variety of toxic substances into the air. 

Humans And PetS: Humans and p<*ts exhale a variety of 
bacterial aiid yiral elements into the air/lt has long been 
known that many diseases are transmitted through the air. 
Pets produce dander and fur, which can be a major problem 
for those with allergies. 

Tobacco Smoke: Tobacco smoke is a well-known danger, 
yet one third of the adult population smokes tobacco in 6nf * 
form or aholher. Tobacco smoke contains more than 2^000 
chemical compounds, and numerous studies have shown that 
smoke reaching non-smokers can pose a significant health 
hazard. 

Radon: Radon is a naturally occurring radioactive g2ts that 
breaks down into compounds that may cause- cancer when 
large quantities are inhaled over a long period of time. Unlike 
many indoor pollutants, radon levels^ can be monitored at an 
affordable cost. VVhen radon levels are extremely high, sim- 
ply increasing the ventilation vyon't greatly reduce the con- 
centrations in many instances. Instead, the radon should be 
tackled at the source, a course that often requires professional 
assistance (Figure 4). ^ 
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FIGURE 4: Sources of indoor pollution exist in every Home: 
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In this section, the features of available air-to-air heat 
exchangers are discussed, and information is pre- 
sented on how to choose ^ machine and system that suits 
the purpose. This involves looking closely at the design 
and layout of the house, choosing the ventilation level, 
calculating the air volume of the house, and becoming fa- 
mihar with available heat. exchanger options. 

A Central System or a Wall-mounted Unit? 

The first air-to-air heat exchangers to gain popularity in 
the United States in the late 1970s were small, window- or 
wall-mounted units (Figure 5). However, as research pro- 
gressed on the ventilation needs of the ultra-tight house, it 
became clear that small heat exchangers had several disad- 
vantages when comp^ed to a central, ducted whole- 
house model. Larger models for central use were*, at this 
time, being developed by a number of -manufacturers and 
by one grantee. 

Research has indicated that a single wall-mounted heat 
exchanger won't provide adequate ventilation for a ivhole 
hous^. In general, sm^ill heat exchanger cores tend to be 
less efficient than larger cores. In addition, because the air 
intake and outflow are so close to one another, airflows 
through a small, wi^l-mounted heat exchanger can be eas-^ 
ily short-circuited. 

Cost is a major consideration when choosing a heat 
exchanger, and the cost of 'installing a wall- or window- 



mounted Keat exchanger in several rooms can bo greater 
than installing a ^:entral machine that can provide ventila- 
tion for all parts of the house. 

Air mixing and flow are important to good dilution of 
indoor air pollution, and in this regard, a central, oWcted 
system will provide a much better result than a \ill- 
moiuited "Unit (Figure 6). 

However, a wall-mounted heat exchanger may be a 
good choice for applications where one room or a portion 
of a room needs better ventilation. In addition, several 
wall-mounted Tieat exchar^rs would be a reasonable 
alternative for some retrofit situations in which a central 
system is impossible. 

A Central System Requires Planning in Advance 

Costs can be substantially reduced when installing a 
central, ducted system in new construction or retrofit if 
the proper planning takes place in advance. Exchanger 
manufacturers should be consulted in the design phase of 
the project to facilitate this planning process. Ductwork 
layout and design mvi^t be planned for, and many prob- 
lems can be avoided if the system is well-integrated into 
the house design (Figure 7).^ 

Because the heat exchanger is a ventilation device, not a 
heating appliance, some designers use stud cavities in 
walls, joist cavities in floors and dropped ceilings as a low- 
cost "ready made" ductwork for the heat exchange 





CMlrtI Ak>lo-A(f 



RGURE 5: Small^ through-the-wall air-to-air heat ex- 
tfhangers may not adequately exchange and mix air 
throughout the house, jbut they may be adequme for one 
room or a portion of ^ room. * 

ERIC • 



FIGURE 6: A fully ducted central air-to-air heat exchanger 
has the capability of distributing fresh air to and stale air 
from all areas of the house. - 
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SA Supply Air 

RA Return Air 

EA Exhaust Air 

OA Outslda Air 



Copied exhaust air dIscharQad to 
outside. 



Insulated and wrapped 
with vapor barrier 



Bathroom yent to return 
air duct, timer switch 
activated 




Lowered ceJIIng ^o torn) 
fresh air supply plenum 
to second floor rooms 



BathroontVent to return 
air duct, timer switch 



Lowered celling used as 
fresh air supply plenum 



Clothes dryer vented to 
exhaust duct 



Alr-to^AIr heat exchanger (under 
stair landing) 

Outalde air Intake (Insulated and 
sealed with vaAr barrier wrap)- 

# OA 



Stale moist air frqm house*to 
heat exchanger (badrqom doors 
are undercut one Inch to facilitate 
return air circulation) 
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Figure 7: This isometric cutaway shows how the integration of a central ducted air-to-air heat exchanger is best ac- 
complished during the deeign ph^te. The system shown is for a two-story house. \ 
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system, thus s<ivmg money i^n the purchase ol additional 

ductwork hi some areas, codes may lorbid some of tliest* 

prAilii es. tUid some manutac tuVers who employ this lypr 

of ducting advise special trt*almenl o( these spaces. 

♦ 

What is the minimum air-change rate for safety 
and comfort? 

Significant di?>agreemenl exists in the professional com 
munity about minimum ventilation levels, and until more 
indot)r air quality, research is done, it may be diHicull to 
come to a nationtil consensus on minimum ventilation 
rates. Researchers in the United States. Canada and 
•5;jjveden have foimd that pollutant concentrations can in- 
cr(\m» sul^stantially at air change rates under 0.5 (one-half) 
ach. Therefore, 0.5 ach has^ been considered by many to 
be the mvtirnum recommer\ded air change rate in houses. 
.However, some researchers argue that lower levels may 
produce adequate ventilation in some instances. 

Sweden has made 0.5 ach a mandatory year-round, 
continuous minimum (which becau;5e of its continuous 
nature demands a mechanicai%entilation system). In the 
United States, California recently set a 0.7 ach minimum 
at winter desiff} cotuHtions for areas of the state where 
superinsulation is practiced. The difference between these 
two standards is significant in that onp is year-round, 
while the other is a wintertime design standard. 

The American Society of Heating, Ref righting, and 
Air Conditioning Engineers, Inc. (ASHRAE) ffas recom- 
mended minimum ventilation leve^ls pegged to a certain 
contitwous amount of air entering each room (10 cubi^ 
feet per minute (cfm) per room)^. The ASHRAE standard 
also^calls tx^r 100 cfm capacity in kitchens and 50 cfm in 
batTmtenis, which means mechanical exhaust vents must 
be added in these rooms. 

If kitchen and bathroom vents are' regularly operated, 
the overall air change rate will be an estimated .5 to 1 ach 
in most houses. However, if exhaust fan use is discounted 
because it depends on occupant action, the air change rate 
for 10 cfm per room can translate to a 0.2-0.4 ach rate in 
most houses (with five or six rooms). ASHRAE's standard 
assumes no major pollution sources in the house. (See Ap- 
pendix D for more detail on the ASHRAE standards.) It 
should be noted that much greater air change rates than' 
arny of these minimums^would be needed to remove heavy 
pollutant concentrations, such as tobacco smoke or com- 
bustion byproduct<<. 

While it is tnie that ventilation is largely in the control 
of the occupant, most people have little knowledge of 
potential indoor pollution sources. Architects, designers, 
^builders and energy specialists must plan to provide the- 
*f>ecessary ventilation for new, tightly constructed houses^ 
and for comprehensive retrofit work that involves cutting 
infiltration levels. 

In order to ensure adequate ventilation with an air-to- 
air heat exchanger system, it is probably best to select 0.5 
ach as a minimum ventilation level reganiless of the con- 
tribution of natural air leakage, whicif is uncontrollable . 
and changes K>nstantly. 

Determining Machine Capacity 

1 he capacity of the ^ir-to-aif heat exchanger to move 



air IS described in terms of "cubic feet per miiSute" or cfm. 
and capacity depends on iUwv things: 

• Ian pi'ilcninancc in tree air. 

• ihc resistance of the a>re and exchanger cas<» to air 
miivement, 

• the Resistance c:J^my ductwork that delivers the air. 
Most reputable manulacturx»rs will be able to describe 

the capacity of their machines in terms of the air flow they 
are capable of providing u/fer subtracting expected loss^'^s 
dut to coix» artd ductwork resistance. For example, say a 
machine's Ian will deliver 400 cfm in free air. After over-^v 
coming the resistance of the core, the delivery rate may be 
25Q cfm, and if ftie resistance of ductwork is considered, 
the final elfective cfm delivered to the house could be 
about 200 cfm, 

A s^'cond point about machine capacity is that most 
machines are more ef lecti<^e at recovering heat at lower aii 
How rales than al higher air flow rates. Thus, you need to 
choose' a machine that has large enough capacity at low 
^pcci) to meet a minimum air change rate, as well as some 
type of additional capacity to handle' greater ventilation 
needs, such as occasional extra ventilation for the 
bathroom, kitchen iind possibly for the laundry area or 
other special-use rooms. (Remember that extra ventilation 
capacity for gas cooking appliances must be provided over 
.and above what the heat exchanger can provide.) 

How to Determine the N4ininium Heat 
Exchanger Capacity for Ypur Application 

The following example cftn be used to determine how 
much capacity, in cubic f(?et per minute (cfm), is needed to 
provide a 0.5 air-cKange rate. 

I'oran extremely tight, superinsulated 1,500-square-foot 
house (witbno basement): 

^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^ «'• ■ 
1, Detennipe total >>imvJ^d|y Jeii^^ 

floor ai« ■ . - ■W^:^S^^^'''' 



2. Determine tot^ 
house volume 



tHo^'Vii^l^tfi^''?. 




3. Minimum 
exdunger 
capably 




„;|^■v;i^':■v^^.;.^>. '-.f 
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This capacity b What ^ou^ lit jl^^^ 
co^ re$J8tahce and ijmw^^ - 

Once you have determined the minimum ventilation 
* capacity of the machine you will need ior your house, 
then compare your n^eds to the manufacturer s infofma- 
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tioii ahoiil in*u hini- 1 *jp«u i(y Whole hous*\ ductrd aii-lo-^ 
.HI- luMi r\tluin>;v( iiidJcIs y-'cruTcillv r.myy mi\\\\n\{y (loin 
.iboul 120 thn to J30 clin. Models vvilh nuu h as 'AX^ 
din tap.u ily (or rcsulrnlial use are also available lor very 
l.iiy;e houses ov (hose vvilli inJooi |>ools. 

Nole that (liderenl nianulac lurcis ly|>i( ally (vill chooso 
varying* leuKlhs o\ dudvvork to ust* ifh uiK ulalin^ their 
nia\nn\Mn iKHiveieiP air (low rale I( your Jurtwork 
scheme diKers substantially, tlie 'manu(acturei may be 
able to help yi>u determine wiTat the at tiial delivered aii 
I low might be m your situation. 

While'you are studying machine capacily. think about 
how much additional air (low you will need beyond the 
minimum you initially ealc united. Hxtra capacity may he 
tiesirable io more (juicUy reuiove indoor pollutants and 
moisture !ic>m kitchen, baths <md special-usi**rooms. Each 
mac hine s cap.icity is s<.*t by design. Through controls, air 
Mow can be reduced, but it cannot be greater than the 
maximum the machine can deliver. Using the same 
methoil you can calculate how great a capacity you 
would need to deliver 1 ach or greater, if desired. Jt may 
be best lo c hoose a machine that allows for variability; if 
you scaled a machine that, at maximum speed, can just 
barely provide your minimum air'flow needs, efficiency 
will be reduced, and extra ventilation with heat recoveiy 
won t be available when needed. 

Note, however, that some manufacturers offer options 
that can allow extra ventilation without relying on extra 
machine capacity, hor example, one manufacturer offers 
controls nnd dampers that allow air to be diverted 
momentartly to rooms with greater ventilation needs. 
Another installs "booster" t-ins in ductwork for kitchens 
and ballis to tempcMarily increase* air exhaust from thi^* 
rooms 




Flat Plate Core, Cross Flow 
Not to Scale 



Figure 9: In a f\at-p\atv crossflow core, air streams flow at 
right angles to one another. A crossflow core must he 
larger in area than a counter-flow core to equal 
performance. 

The essential components of the heal exchanger are the 
tans and the heat exchanger ciire. Other basic features in- 
clude a condensation drain to allow moisture accumulated 
in tlie machine to drain away, a defrosting mechanism or 
system to avoid hindering the machine's performance dur- 
ing very coici weather, and the system's controls. (A 
discussion of ciuctwork -installation and control strategies 
is presented in later sections.) Hach basic component is 
discusseci st^parately to allow a comparison of the 
available features and design options. 



Examine Machine Features 

A variety of types of air to-air heat exchangers are on 
the market, and choosing the right machine for your 
needs can sometimes be a confusing task. The following 
s4Hlion explains the various components of a heat ex- 
clianger and how these features can affect performance, 
mainlc^ncW'e and other aspects of owning and operating a 
heat exchangc*r. " 




Flat f laf Core, Counter Flow 
Noi to Scale ^ 
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Figure 8: In a flat-plate counterf low core, air streams flow 
in opposite directions, allowing greater heat transfer from 
one. air stream to the other,. 
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Exchanger Core Types 

Three basic tactoi*s influence the efficiency of most 
tyr^s of heat exchanger cores: the si/e of the surface area 
foi^heat transfer, the direction of the air streams, anci the 
speed at which air moves through the core. The greater 
the surface area, the more heat can transfer through the 
core to the fresh air streaAi, while the direction the two air 
streams are moving usually influences temperature profiles 
in the core. 

Although there are six different types of cores available 
on the market, the coimterflow core is theoretically the 
most* efficient because the two air streams are ninning in.^ 
opposite directions, a situation that make^or the be^' 
temperature profile for heat transfer between the two air 
streams (Figure 8). Conversely, a parallel flow core, in 
which the two air streams are ninning in the same direc- 
tion, has an effectiveness limited to 50 percent by the laws 
of thermodynamics and is^he least effective type of core. 
, Crossflow cores tend to be somewhat less efficient than 
counterflow cores, because thfe air streams are moving 
perpendicular to each other. A larger core can help im-- 
prove the efficiency of this [ype of core. And, one 
manufacturer has designed a "double cross flow" core, 
which doiibled the contact surface, thus making this 
machine similarly efficient to the counterflow core. (Figure 

9). ^ 

Concentric tube counterflow cores offer similar efficien- 
cies to the flat-plate counterflow, but they are more dif- 
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ficiill [o iiKinuIcK luir mm\ can hv mow rxponsive 
otIuM Ivin's nl ni.hlufu^ (Hy'.U'V 10) 






Concentric Tube Core, Counter Flow 
. No! !o Scali 



r 



RCURE 10: Corlcentric tube counterfloxo cores are similar 
m perjortjuinco to fhit-platc counterfloxo cores, but tfiey 
use a different man\jo\d\r\g geometry. 



Rotinx/ l ores have been ust*d for years in commercial or 
industrial applicaliotis. In ihest* types *ot machines, the 
core actually rotates between the cold and warm air 
streams. Rotary machines allow moisture to transfer be- 
tween the t wo jijii streams (Figure 11). 

Heat Pipe coi'es\»mploy permanently sealed pipes (or 
^ l^bes) that contain a refrigerant. When one end of the 
^ tiibe is healed, tfie refrigerant vaporizes and travels to the 
^Trtnjr end t>f the tube, where cooling causes it to condense 
andUJ^^vv back to the other end. The heat pipe operates 
through a condensation-evaporation cycle that is con- 
tinuous as long as temperature differences are sufficient to 
drive tlie process (Figure 42). Effectiveness depends on t|ie 
number of rows of heat ^^ipe, and operation is extremely 
dependent on the machine being installed at the proper 
angle. Heat -pipe hOM exchangers are well developed for 
industrial use and seem to hold promise for small-scale 
resici/ential ust*. However, few manufacturers are employ- 
ing tf\is technology in the residential market. 




Rotary Core 
Not to Scfil« 



oii?tiire\rransfer in ihe Core 

A s<Hoiulaiv le.ilurc dial can inlluente IumI lianslei in 
the c t>reSt^" wlielher die core allows mtSislure to pass Iroin 
tfie waim air stream to Che cold, incoming air. Some tores 
aru made of spec ially treated paper, which allows lliis 
moisture Iranslei to lake place. Called enthalpy" models, 
these heal exch^ngei^s can transfer more heal, because* 
they recapture ihu energy tfial is given c^f when moisture 
condens^'s from a gas to a liquid. ( I his is known as latent 
heal transfer.) Note, however, that non-enthalpy units 
also [^capture some of this latent heal during \he months 
when moisture cc^ndenses in the core. 

Enlhalp^ units may not be well .suited for cbld-climale 
applications because one of the main jobs of the fieat 
exchanger is usually to remove excess moisture from the 
insfde air. In addition, enthalpy cores may allow for- 
inaldeliyde. which dissolves in water, to be reKuned to 
the Jncoming air. rather than staying in the exhaust air 
stream where it belongs. 

On the other hand, enthalpy units may be suiK'd to 
warm-weather applications where high outdc^or humidity 
is a problem. The warm, mciist outdoor air pasjR's some of 
its moisture, as well as part of its heal, the outgoing, 
cooler exhaust air stream, thus lowering relative humidity 
in the house during the summer. 

However, because you inust usually choosi^ between 
enthalpy* and non-enthalpy units when buying a machine, 
it is probably best to avoid the enthalpy units in cold- 
climate settings. 



Maintenance Features 

5ome manufacturers feature cores that can / be 
periodically removed and cleaned, while other manufac- 
turers have opted to use filters ratht^r than allow fc\r a 
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FIGURE 11: In rotary cores, a rotating wheel of tiny air FIGURE 12: htheat pipe cores, heat is moved from one air 
passages transfers heat from one air stream to the other, stream to the other by evaporation and condensation of a 
Rotary cores usually transfer moisture as loell as heat, fluid in a heat pipe. 
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n»moval>U* (i>rf. In aivas' whert* outdoor air qual^ry is 
pool, a iillor svs!on\ would probably he the [resi choice, 
bfiaiiv I'uM! <*xi hahgiT t iMx*s art* uol n^eanl lo hlln small 
particulates Jrom the ^yr. * 

It ib important to follow maintenance recommendations 
provideil by the manufacturer in a»gard lo filter a»place-^ 
meni or core cleaning; the f>erformance of the machine 
will hkely he affected by lack of necessary maintenance. 
Some observers have suggested that manufacturers might 
want to consider an elapse rCin lin^e indicator in the system 
contn^l package lo aid mainten«:ince scheduling. 

Defrosl Capabilities 

Heat exchangers desij;ned for use In cold climates 
should have sopie provision for defrosting the core during 
the coldest winter days Moisture in the waim air stn?am 
(an litHve il the incoming air is cold enough, and ice 
buildup may eventually block the core. ^ 

An automatic (let rost system is bc^t, because it is ac- 
tuated with no attention required from .the occupant. 
Manual Viefmsl requires monitoring the machine in cold 
weather and liiking action wh?n necessary. 

Another option is lo pi-e:heat the incoming cold air to 
avoid fix^ezing in the first place. However, in many 
superinsulaled houses this pi-e-heating element may ac- 
tually use mow energy than the whole house uses for 
back up space heating. In addition, pre-heating the in- 
coming air could reduce tiie overall efficiency of the heat 
recovery fum tion of the heat exchanger. 

Automatic cietrost mechanisms include those that, are 
thermoslalically actuated and pressure-sensor types. Ther- 
niostaticaOy operated defrosters sense the temperature of 
the incoming air stream. If the temperature is low enough, 
the machine will go into defrost mode, which allows 
wann, stale exhau^j^t air to run through the machine to 
melt the ice, while the incoming air stream is cut off 
temporarily. 

Pn^ssure-sensorfSystems, such as one developed by a 
grantee, monitor the pressure difference between the two 
air streams. When one air stream's pressure increases 
because of ice 'buildup, the machine goes inld* defrost 
mode. t 

No matter what the defrost mechanism, air exchange 
stops temporarily during defrost until the machine' returns 
to Us regula^ operating mode. Because air is leaving but 
not entering the house, this creates a temporary negative 
pressure in the house that could cause t>ackdraf ting prob- 
lems in houses with combustion appliances that draw in- 
door air for combustion. This is another major rationale 
for carefully is^^lating combustion deVices so that they 
draw combustion air from the outdoors, never from the 
indi>ors. ^ 

F^n Features ' : 

Heat exchangers employ small fans to drive the two air 
streams. The major features of heat exchanger fans to note 
when shopping tor a machine are energy use, noise and 
maintenance provisions. 

If the fans' energy use is substantial, savings'from heat 
recovery may be minimal after the cost of running the fans 
is considered. For this reason, most manufacturers have 
concentrated on the use of highly efficient, small fans. The 




Vane Axial Fan 



Common Fan Types 



Figure 13: Energy iise, case^ of mairitertancc, noise level 
and cost of replacement are all major considerations uy^ien 
comparing fans used in air-torair heat exchangers. 

most common type of Jan used in heat exchangers^ is the 
centrifugal blower. Vane-axial fans are also used (Figure 
13). ^ 

It may be wise to listen to the machine you plan to ouy; 
some types of f^n noise can be remedied when the' 
machine is installed. If you understand the typji^of fan 
noise you are likely to get, then you can choose mounting 
and ductwork schemes to ensure quiet operation of the 
rpachine. Generally, however, heat exchanger fans pro- 
(iuce less noise than most forced-air furnace fans because 
rje small heat exchanger fans move less air. 
j^me fans are #ictory sealed and require no oiling, 
vimle others require periodic lubrication. Quality 
machines employ fans that are expected to last from five 
to seven years under continual operation. Check with the 
manufacturer about fan replacemejit schedules and fan 
life-expectancy. At least one manufacturer sells a heat ex- 
changer core without fans, allowing the consumer to 
choose the^Pi^ls best suited t6 the need. 

The Development of a High-Efficiency 
Residential He^t Exchanger: 
The Memphremagog System ' 

One grantee, the Memphremagog Group, a small, non~ 
profit energy research company in Newport, Vermont,, 
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lrilmoln>'v in ihr (Ouim* oI ^^s [>rp|iH I * 

Ww C»ipn|^s wo'ik involviul ihr [Mt)tliKln»n ol M'vcr.il 
rrsuleiihal IumI exJuin^cr [UiWotyjx»s, ami tlu» [MOjrt l m 
iluilnl lluViou^h li»slin>; and Jcveloprn^^il slmlies. 1 ht: 
tvsulhiij; riiailunr, ifu* Ii MO OlAN(.I*K. is muv hcm^ 
mai krUnl ci>nmuMi i.illy 

I fir sloH' ol ihr il(»V(»lo[Miu*nl i>( llu* Ix IIO C MANC.l K il 
lusiiaN»s many |>iaaKal arul ifu'oR^lu <il i](»siy;!i tonsulrra 
hons lhal aiv uilu al in hi a( exclian^n f^erionnam (». By 
n»vir\viiiy> tins ilrsif^^ui P'ores^, (lios** wlu> pLni Iv) us** lu*a( 
rxi liaw).;oi's ior ,hral rcciwiM-y veniilahon \n ix^Ui, cok\ 
iliinatr housing, can ^ain insi^^ils inlo (ho pc>liMili<il prol) 
Inns arul |Moinis*» ol^lhis ((Thiioloj^y . Tliis work is also in 
liuativr ol the typv ol jjcVelopnu»n( vvor]l|^(h<i( oIIkt 
rnaiuilai Uiri»rs haVr ilonc in (lu» ( (Uirv* ol pnuiiu (hiMr 
luMl han^^ciN 

Si/ing the Machine's C apacity , 

I hc M(*nif^lnrin<i^o^ ( irouf) lirsl planned ios^mk h 
anil develop a sm<ill window or wall mount edxltiM I ex 
I hanger I)uiiny; the hteiature review process, however, it 
bei anie clear that tins type t>t heat exchange/, y^'ouldh't 
rni»et the C»roujt s go<il ol providing ventihition lor an 
entire luuis<' at a rrason<ihle cost. At this eaily st<l^e, the 
(IriHjp opted lor «i (iesij^n that would be a central, duc ted 
unit ia[nihle of providing adequate ventilation far a typ 
K al houM' 



Invesligalin^ Core Design 

The (iiiMip investigated different nialt*rl!^s io use for 
the con*, and ivjocted treated [>aper l)Ocaus<* the goal was 
to d(»velop a co\;c that wa>; highly impermeable to water 
va[n)r The Ciroup m^ted that "for the heating season, 
when most of the benefits of this heat exchanger will be 
re«ili/ei], humidity reduction is one of the primaiy applica^v 
tuHis' for the. heat exchanger. I he initial choice for the 
ii>re materi.il was Coroplast'^ copolymer polypropylene 
sluvts. m«iteri«il that loi^ks like plastic cardboard, arid in 
fa< t. IS ust»d like c<irdbo<ird. 

heoretical calculations indicated that the counterflow, 
flat pLite core had the potential l<> provide the greatest 
surfaie area for heat exchange ip the core. The first two 
prototypes developed were the counted low. Hat-plate 
Ivpe. pun>os<»ly undersized to allow the group to explore 
I oust rutlion, design and pedormance considerations. 
Testing revealed that the^'short" cores (two feet in length) 
. sufferetl from inefficient use of the heat transfer suHace. 
Tins resulted in lower effectiveness than anticipated from 
initial calculations. C!oix^ effectiveness testing at this stage 
alv^ inilicated that air coming into the cc>re should be baf- . 
fled s<> that air reaches the corners of the core, instead of 
flowing through only the center of the core. 

In addition, testing showed that pressure losses across 
the short "cores were higher than desired tor efficient 
i>p<»r.ition. <ind this discovery led to further design work 
on the entrance and exU plenums. 

Work with the early shoii cores alsi^ emphasized the 
level of attention that is needed to maintain a good seal 
between the exhaust and im omirtg air streams. If exhaust 
of iniioor pollution is the goal, these two air streams must 



l>e i.iretullv isolated lowanl ifiis end the (irnup died a 
varK^ly of s<Mling techniques, and disc overed a salishu 
to! V answc! to ifie [)[ol>lein 

Ihe final piototyi^e was a lour loot long coic (hat m 
torporated design modifuations fnmi tins initial vvoik to 
ensure gooti utilization of the core surface, minimize mtei- 
nal sliort-( ir( inling of an flows and nunntam the mte^^iily 
ol the two an streams to avoid inti'ina! mixin>' of polluted 
air wiffi ini cMuing <iir. l-fficiency and pressure dro[> acros^s 
the core'were found to be good with this prototype 
(l-igure bl). 




FlCURF 14: The Mertiphremago^ Group'i's heat rxchafjger 
features a core of thin sheets of fluted pjlastic. The frout 
housing of the pictured exchanger has heeti removed to 
reve?ll the core and the layout of the tnachitie. a 



Fan Energy Studies 

The Group did a th(u\)ugh product st^arch for fans that 
would supply the desirecl air flow whjie consuming the^ 
least amount of energy, lesting and analysis revealed that 
there is a potential trade*^off between fan efficiency and 
noise: the more efficient the fan, the higher the noise level 
may be. 

However, the grantee found that fan energy efficiency 
is tar more important than any potential noist* problems, 
which can l:>e solved in a number of ways. The Group 
opted for a highly efficient fan, a small 32-watt vane axial 
fan similar to thosi^ used to cool large computers. 

Low fcin energy use is important when one explores an- 
nual energy use by the heat exchanger. Assuming the heat 
exchanger will operate continuously for I80da^6bper year, 
and that the cost of electricity is $0.07 per l^'>^tt-hour, 
the grantee's two fans (64 watts total) will coi^me $1Q.35 
annually- In contrast, a similar fieat exchangc*h-^ith fans 
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ralrd .il I K) walls, oprraling M similar air Mow ratrs lor 
llu- pvwod o\ liinr would (onsunir S39 31 aiuiually 
A laii talnl al 2}K^ w<ins wilfi llu* s.iinc opoialiiiy*. assiunp 
lions would consumr W 70 annually. (Nolo lhal some 
I ho rniTgy iiS4»d lo operalc I he fans could bv rrlurncd lo 
iho hous4» as us<»lul heal, tlepending on where ihe lans are 
lo( aled m the mat hine, and loealion ol the machine in ihe 
hous<'. Ikil healing ihc hous<- >U^h a Ian will be less elli 
(lent lhan other healing options.) 

Oi coui-se. Ian power determines how much air can be 
handled through the heat exchanger Larger air flow rales 
can be pioduced with higher-powered fans, lice aus^» some 
tuslomers may want higher-powered 'tans, the Mem 
phremagog Group opted lo also produce a heal exchanger 
(ore package without fans, lo allow the buyer to choose 
larger lans. if desirt»d. 

1 he M-wall fans provide for air flows of: 240 ctm (tree 
air). 180 cfm (includes core pressure lossesLand 120 cfm 
alter about .30-50 feel of straight ductwork is installed, 
This pn^ssure drop depends on duct si/e, duel length, and 
the number of duct elbows and bends. 

I he Group recommends lhal if larger air exhaust is de- 
sired lor kitchens and b^ilhs, booster fans can be installed 
m the ductwork at ihesi* locations, controlled by manual 
timer switches. Although these bookers temporarily im- 
balance the air flows through the machine, the loss of effi- 
ciency is small and pollutants and moisture generated in 
thes<:^ "wet" roonj;^ can be exhausted more quickly without 
contaminating air in nearby rooms. ^ 



itee falls 



Core Condensation and Icing 

Another signifij:ant art^a of research by this grant 
in the area of defmst control. Autcfnatic defrost is a major 
concern in the o'pcralion of the heat exchanger during 
•^lirftes of extremely cold weather. * 

The grantee considered a percentage or programmable 
timer to opiTate the defrost mode, but later opted foria 
pn^ssua-activated switch. This fype of control has an acK 
vantage over the others. 

lempeiatun^-aclivated defrbsl may turn the machine 
on detrosl when temperatures are low, whether or not ic- 
ing iZutually occurring. Programmable or percent timers 
also have little ability lo actually sense when core 
blockage is occurring, in contrast, the pressure-activated 
switch turns off the incoming, cold air stream when 
pressure increases on the exhaust' air stream, indicating 
"^ihal the exhaust passages are clogged. Warm/ stale air con-^ 
linues to move through the core until the ice in the 
passages isWltecl. When this happens, pressure will drop 
to the point 'wh>re:the pressure-sensing switch will reac- 
tivate the incoming air stream fan, and normal air ex- 
change resumes as usual until icing occurs again. 

C>ie drawback of the pressure-sensing switch is that if 
the core becorr^s'blocked by other matter, such as lint or 
other particulates, the defrost mode will be activated im- 
properly . However, jf the sy^m controls included a pilot 
light thclil indicated when the machine was in defrost 
'mode, this drawback could turn into an advantage ^rQg^ a 



maintenance standpoint: if the defrost pilot light went on 
in wann weather, it would be a jMompt to dean the core. 

. lests showed thai ue builduj^ ovei ?4 houis o{ ion 
tinual operation at temperatures ot 0 1 to - ir\ out- 
doors, 65 to 85 percent indoor relative- humidity, and* in- 
door temiHTatures of 70''F- to VS'^V- (a severe test) cuuld be 
completely eliminated in less than 30 minutes of defrost 
mode operation. Although a thin sheet of ice also formed 
on die metal sviHaces of the stale an . exit manifold under 
the s<»vere conditions of this test, this ice never increas<xi 
beyond a very thin layer. No other surfaces outside the 
core expiTienced icing. 

To avoid condensation on the exterior of the metal case 
of the machine, the'heat exchanger is insulated with 1 inch 
of foil-faced rigid fifx>rglass. In addition, both the intake 
and exhaust ductwork from the machine are insulated and 
wrappt»d with a caiTfully sealed vapor barrier during in- 
stallation of each unit. 



Core Cleaning 

■** 

1 he Group investigated using filters on both the incom- 
ing and outgoing air streams to prevent dust and dirt from 
entering the core. Although a clean set of filters alters eff i- 
cicncy'only dightly, as tKe filters become paili.llly or total- 
ly clogged' with particulate matter the two air streams 
could become imbalanced. Based on th|s, the grantee 
opted for making the core removable akid /rieanabi 

In the cleaning tests, the Group set ub a dust geh^ator 
in a controlled chamber and intentionaUy blew e^emely 
dusty.and moist air into the madiine. The dust generator 
was operated for several houi^s over four days untiN|l)out 
half of the air channel space was clogged. The core was 
then removed from the machine and flushed with'a water 
hose at high volume. The (;<^e was easily cleaned ui this 
manner, and the grantee reposed that tests ^lowed tl 
high-pressure, loyv-volume water would work, as well 

The grantee explained that dust bmldup in the cgre 
under this lest would not be represejilalive' of any, ajplal 
^ ^-^ftidential setting, for dust quantities were far in excess of 
ihd^ fpund under even the "most abnormal" residential 
operating conditions. v 



Field Testing ^ 

. Thi^-iinils were field tested, ^including one that has 
been continually monitored in a superinsulated house in 
Newport since December 1981. Field lesis included 
airflow, temperature ^ and defrost Evaluations with the 
machine and <(uc;lwork installed. In albitislances, the*he» 




exchanger perfOFmance closely p 
/ 



In albitis 

^^aralleftd earlier labdfa- 

tory results. / ^ 

One prototype model was installed on one/ house of ^ 
multifrfHH>wse construction project in the winter >of 
1981-^1982. The exchstnge'r was c^riited during constm):' 
tion to remove interior moisture during tUe drying of the 
gypsum board taping. The grantee reported'that the walls 
of this house were dry and ready 1 for painting in one- 
fourth to one-fifth the time required by the other houses. 
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Becauv of the relativfly high cost or lack of availability 
o< commercially built heat exchangers, some pt»ople 
have attempted to build their own. While homemade heat ex- 
changers ma^ have cost advantages, building one from 
scratch is a (airly difficult project that may produce less than 
s*itisfactory results. 

For obvious reasons, few people are willing or able to build 
their own major home appliances, such as heatmg plants or 
dishwashers, and a homemade heal exchanger should prob- 
ably b^viewed in the samr. light. 

At least tw() grantees built or monitored their homemade 
heat exchangers. One tried out the concept of using a tnick^ 
radiator for a core, while the other's core was a complex^ 
design that featured an integral heater for defros^||ng. v 

In the late WOs, Canadian researchers at the University of 
Saskatcl^ewan .it Saskatoon published construction plans 



that describetl how to make a rather large heat exchanger 
(ore from lengths of poly<^thylene plastic, housed ih a ply- 
wood box. About 5.000 sets of plans have been distributed, 
and many of these heat exchangers have been built 
* Recently, -the same Canadian group revised and improved 
the design of their home-built unit, making it smaller and 
more efficient. The updated version calls for the use of fluted 
pListic sht^ets, similar to those useci m the Memphremagog 
commercial heat exchanger. 

l)ecause of the important ^ob the air-to-air heat exchanger 
must perform in the extremely tight house, do-it youi^lfers 
should carefully review the situation before attempting such a 
task. If one has the skills, a clear set of instioictions, and ac- 
cess to the proper products, a homemade heal exchanger may 
be one way for a skilled homeowner to save some of the extra 
cost ass^cialect^ith a supetins\ijlated houst*. 
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^^^f^miNG THE 



T1iis section covci^ basic details ot choosing the loca- 
tion, mounting and ductwork details for the instal- 
lation ot a central, whc5le-house heat exchanger. Again. \ 
maniifactiirers' recommendations should be consulted ^ 
during the design and installation process to ensure proper 
installation ot the machine. , 



Choosing a Location 

1 he basement is usually an ideal location for the heat 
exchanger, because of ease ot access for ductwork and 
connection to the house sewer for the conde^isation drain, 
in houses without basements, a main-floor mechanical 
room is a good choice. If the basement will be used for liv- 
ing space, a mechanical room in tfie basement wdRld be 
the best site. # 

While a number of machines feature an insulated hous- 
ing., some still do rj^. An uninsulated machine can ex- 
p<»rience condensation problems in both warm and cold 
locations in the house. It is best, therefore, to avoid imin- 
siilated machines. 

In addition, it is best to avoid putting heat exchangei^ in 
cold locations; the condensation drain may f reezv or other/ 
problen\s could result. In this regard, an attic location is|a 
poor choice because of tfje cold, and this location ma5 
also pix!sent problems because ductwork often must 
[x*netrate the air-vapor barrier more times than if the ex- 
changer is located in a mechanical room or abasement. 
Remember, too, that the^more inaccessible the machine is,' 
'the more likely needed maintenance will be postponed* 
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Mounting the Machine ^ : 

Many machines are designed to fit bet\^^e(^n the floor 
joists or hang from them, mounted on straps cV hangers. 
'Manufacturers' instructions will indicate whether the 
machine should be mounted level or sloped to fditilitate 
draining condensation. 

If the machine vibrates when it is ip operation, it should 
isolated front the floor during installation. Rubber 
^/ommets or bushings can be used to furth^cut vibration 
noise. Or, manufacturers may be able to provide guidance 
on reducing fan or vibration noise with other strategies 
(FigureMS). 

The condensation drain should be plumbed taa drain 
witn a trap to avt)id sewer backflow. With some ex- 
changer models, two traps are advised. Carefully no(e 
m^ufacturers* recommendations in this regard. ^ 

Ductwork 

RemcT^ber that heat exchanged generally have a higher 
efficiency when air is moving through the core at slower 



RClipr 15: Installittf^ ntbbcr biishitif^s or ^wninwts can 
deduce vibration noise in this type of heat exchanger 
installation. 

speeds. Care sliould b^takerh to avoid hindering air flow 
by choosing ductwork that is large enough, has few b^nds 
and elbows, and^as smooth as possible. 

Many machines are designed with fittings for 6-inch 
ductwork. Commonly used ductwork includes galvanized 
metal, sheet metal, PVC plastic pipe, inexpensive plastic 
sewer pipe, and flexible ducts. In some locales, codes may 
mandate metal ductwork, but k)w-cost plastic sewer pipe 
is probably the least expensive type of ductwork. Flexible . 
ducts, with their ribbed surfaces, have more internal 
resistance to air flow, but they are easier to install and may 
be acceptable if ductwork resistance has been all<;^ed for^ 
in system design. 

Besides electrical and plumbing connections, four air 
duct connections must be made durihg installation. These 
;Jucts include: the outside air intake duct, which brings in 
the cold air from the outside; the stale air exhaust duct to 
the outdoors; the fresh air suppl\/ ducts from the machine 
to the living areas; and the stale air return ducts from the 
living areas to the machine. These four ducts, and special 
features and problems to consider, are covered separately 
in the following discussion. 



.Intake Air ^ ^ 

The point at which the air intake duct picks up putsidf 
air should be located as far as practically possible from the 
stale air exhaust duct outlet, to avoid pulling stale air back 
into what 1s supposed to be the fresh air streani. Most 
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designers recommend al least a t>-Joot minimum distance 
from the stale air exhaust outlet, while others insist on at 
least" 10 feet. 

Note that if the south side of the housi^ has on 
unobstructed scyathem exposure, air on thi? side of the 
house will be several degrees warmer in wintec during the 
day than air on the other sides ot the house.. Therefore, it 
makes sense to locate the intake duct on the south wall, if 
possible or practical. 

This duct should be located so it won't be buried under 
snow during the winter, and fr-should be well above the 
soil level. Never locale this duct where automobile ex- 
haust can enter. In addition, other outside pollution 
sources should be considered. Avoid locating this intake 
port near gas exhaust vents, central vacuum gleaner ex- 
haust ports or where outdoor cooking (barbeque) gases 
could be pulled into the port. Because this intake port 
should be checked periodically for obstructions, it should 
never be located where it is difficult or impossible to 
visually and manually inspect, such as under a closed deck 
or porch. The opening should be covered with a rain cap 
or insect screen, or whatever is recommended by the 
manufacturer. 

If outdoor air quality does not meet federal standards, 
outdoor air should be filtered before it enters the house. 
Experts recommend use of an atmospheric dust spot filter 
as the best choice to trap small particulates. Gases such as 
carbon monoxide and sulfur dioxide can be treated to 
some degree by the use of activated charcoal or alumina 
absorbent systems. 



Cautioti: This intake air is not in any/ way desigt\ed to 
provide air for combustion appliances, such as furnaces or 
water heaters that bum oil, gas. wood or any other com- 
hnsion fuel. If a combustion appliance is installed in the 
honjte. special provisions should be made for supplying 
outside combfistion air directly to these appliaf^ces. in- 
dependently from ihe heat exchangerj system. Negative 
pressure in the house could cause backdrafting of 
dangerous flue gases. 



A number of builders and designers have been installing 
wood stoves and other combustion appliances in superin- 
sulated houses, making the assumption tliat the air-to-air 
heat exchanger can provide enough combustion air to 
operate these devices. This is a potentially hazardous prac- 
tice. Combustion air requirements should be calculated 
separately for each applianc^. To ensure that the potential 
for backdrafting of combustpn appliances will not occur, 
each combustion appliance should have outside combus- 
tion air directly ducted to the appliance, so lhat the ap- 
pliance is completely and effectively isolated from indoor 
.air. ^ ^ 

Because this intake air duct will be moving cold air, it 
should be carefully sealed, insulated and then wrapped in 
a well-sealed airtight vapor barrier to avoid moisture con- 
densation on the outside of the duct. Any breaks in the 
house's vapor barrier should be carefully sealed during the 
course of this installation. 

Refer to the section on balancing the air flows for infor- 
mation on dampers that may be located in this intake 
duct. ^ ^ 



Exhaust Air ^ 

The stale air exhaust oullcl should he Kujled <is (ar 
away as practical from the outside aii,in(aki' port; again, it 
is recommended that the distance from the outside ijir port 
be a minimum ot 6 feet, preferably more. 

To accomplish this, some designers run this exhaust 
duct out through the roof, although this i.sn't necessary in 
must cases. If this radical course is < hos<*n, special atten- 
tion should be given to allowing for expansion and con- 
traction of the duct. So^ie people use a rubber boot or 
some sort of slip joint at the connection between the duct 
and the attic. The overriding concern here is to allow for 
movement with the joint, and to make sure that an air 
leakage gpinl isn't created by a careless break in the air- 
tight vapor barrier. 

Because this duct is carrying the stale air away from the 
house, it should be tightly sealed to avoid allowing con- 
taminants to re-enter the indoor a;r. In addition, thi§ duct 
is usually insulated and wrapped wit^h a well-st*aled vapor 
barrier. 

Fresh Air Supply 

The key to the fresh air supply d^ct system is to locate 
the ducts so that a good supply of fresh air will reach all 
areas of the home and so that air mixing in the home will 
be adequate. 

While some manufacturers say that l^ne, single fi-esh air 
supply source will handle the needs of the*hou$e, this may 
not be true in^practice. If the house is completely open in 
design, with no doors closing off rooms, this single supply 
duct might be adequate, but air movement and mixing 
rnay be negatively affected, even with an open-room 
layout.' Of course, money can be saved by installfing only 
one slipply duct, but because good indoor air quality is 
the goal, this course should probably be avoided in favor 
of a ducted system. - • 

Just as the ends of exhaust and intake air streams are 
located far away from each other, t,he fresh air supply 
points in the living space should be located far enough 
away from return air intake points to avoid short- 
circuiting the air flows. 

The fresh air supply ducts demand the most care and in- 
genuity in placement, to avoid extra cost and achieve 
good air mixing, without creating discomforting cold-atr 
drafts. A number of designers recommend that these air 
supply points be located high on the walls or in the cellR|||^ 
to k^p cooler air away from the occupants and to 
facilitate air movement 'ahd mixing. Also> the choice oi 
registers that cover these supply air ports can influence 
how air will move and nryx with room air. 

Air can be successfully moved through plenums created 
by dropped ceilings. This is usually cheaper than ninni^ig 
metal or plastic ducts through these same available 
cavities. ^ 

Return Air 

The main focus with stale airf return pick-up points 
should be rooms that procluce tne most pollutants— the 
kitchen, bath and special-use rooms such as hobby rooms 
or laundry areas. 

While some designer^ like to duct return air from each 
room, the majority of duct system designs call for two or 
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thn*(* s^'p,ir«il(^ duels (rom I do kitchen, hath and, .soino* 
linu»s from .inolhci (cnlrjil pu k iip poinl. as vvoll 

C i)ilcs rcinnrr .uldituMial vent iLihof i lof kil«. Iirns and 
halhs. and the heal ex( hanger can provide this ventila- 
tion, using the extra" capacity o[ the machine, above the 
basic ventilatii>n rate (hc^s<'n for the hous<\ Using simple 
exhaust fans in extivmely tig^hl housi^s makes little sense it 
the object is enerj^»,y s^win^^s hislead. timer sWilches. 
similar to the (Mies us<*d with traditional exhaust fc\ns, can 
be instalkd and used to operate the*heat exchanger at dill 
speed when additional ventilation is needed. (More detail 
on exchanger controls is covered in the next section.) 

Some manufacturers em[>loy "booster fans in the ex- 
haust from the kifcTien and bath. Although this tempo- 
rarily imbalances the system's air flows, the short-term 
drop in efficiency isn't A major problem. Ch\v manufac 



Ilalancing the airflows is a two pei-son operation, which 
must be ilone on a day when the wi[ids are calm and when 
temperalufrs indoiM and outdooi are similar All windows 
and doors are si'curely closc*d. and oiu* window is opened 
slightly. The heat exchanger is turned on at high speed, 
and one person checks aid lows at the window^ while the 
other stands ready to adjust the balancing damper In the 
intake duct Airflow at the window can be detected with a 
smoke pencil, a burning cigarette or a length of thread 
held near the window opening. 1 he balancing damper 
should be adjusted so that^no air flow ran be (detected in 
or out of the window (f-igure 16). 

Balancing incoming and outgoing air (lows also can be 
accomplished with an aii-flow nu'ler or with more 
s<:)phisticated equipment, such as hot-wire anemometer 
systems. Ask for the manufacfurer's assistance in securing 



turtT is using a system that diverts air flow from little-usec^r) additional P advice or assistance on system 

areas q( the houst* to the kilt hen or bathroom for .short balancing, il needed. 

After inside and outside pressure balancing has been ac- 
complished, the airflows inside the houst* can be further 
fine-tuned to compensate tor differing duct lengths. This 
can l>e accomplished by installing small, Lnexpensi^ ad~ 
just able registers at air supply and retum pick-up pofnts. 
With the system running at high speed, the registers ican be 
adju.sted to equalize air flows. Another strategy that some 
manut^cturers recommend is to in.stall bajancing dampers 
right in the ductwork, which are then adjusted In a similar 
manner as with the indoor-Outdoor balancing operation. 
At least onp manufacturer offei^ "self-balancing air con- 
trollers, ' which are passive -balancing ^iampers that 
regulate air flow bast^'d on pressure. 



penpd \)r time. 

I he Wlchen air pick-up point shcuild never be located 
directly cVer the cook stove, as a traditional range hood 
would"be\The exch-anger core is not meant to handle 
grease, whi5h could stM'iously affect the peHormance of 
the machine. )\irthermore. gTeascvwill likely settle in hs^pA- 
to-reach ductwork and create a potential fire hazard^ In- 
stead, the pick-up point shoul(j^be in a central location 
across the room from the range, to allow the grease to set- 
tle without entering the return dil;^. A non venled, filter- 
ing range hcltid should be installed to catch some of this 
grease close to the source. 

Sometimes, this kitchen pick-up point can serve the 
main living rooms, as well, if the house has an open floor 
plan. Some designers further facilitate air movement by 
specifying that doors be unck*rcut by an inch or .so. 

Never vent the clothes c^ryer to the heat exchanger 
return air duct. This could imbalance the system, overtax 
the fans, and the exchanger core will become blocked by 
lint accumulation Nor should the clothes dryer be ilirect- 
ly vented into the living space to recover waste heat. In- 
door air pollution will result from the lint, moisture and 
launclry additives found in the dryer exhaust. The dryer 
may. however, be successfully vented into the exhaust 
airsti-eam just before it is exhausted from the' house. Such 
a vent should be outfitted with a backdraft d^imper (See 

RtcovHRiNc; Hrat From Ci^oinns Dryurs). 



Balancing the Air Flows 

O^e' the machine and ductwork are installed, the 
system s airflows must be balanced to ensure that incom- 
ing and outgoing airflows are equalized. If the airflows are 
not balanced, the hou^ will be subject to positive or 
negative pressure when the machine is running. 

Positive pressure may cause air to push out through any 
small leakage points, and this can lead to moisture con- ^ 

densation iryide building materials at these leakage points./ enough to effectively use^ aiiWo-air heat exchanger. The 
On the other hand, negativf indoor pressure will cause existing forced-air heating s^jgpri will be greatly oversized 
more air to be piilled into the hcrtise at leakage points for the retrofitted house, alWif indoor air quality is the 
rather than center the house thr^igh the heat exchange goal, the heat exchanger will be needed much more often 
system. (Negative, pressure can also cause dangerous than the large heating plant. Yet, if the twq are directly 
backdrafting of combustion flue gases if combustion ap- connected, and ventilation is dependent on the heating 



Should An Air-to~Air Heat Exchanger Be 
Integrated Into a Forced-Air Heating System? 

At first glance, the notion of using an existing forced-air 
heating system to distribute air from the heat exchanger 
might seemJike a good way to save money on extra duct- 
work. In reality, however, this course of action can some- 
times negate any enei^ savings from the heat exchanger 
and caMse a variety of other problems, as well. 

First, most new, superinsj^ilated houses have .such low 
heat requirements that a large forced-air heating system is 
rarely necessary. These homes are' often best heated by a 
small amount of baseboard or radiant electric heaters or 
with one of the neW, mini-furnaces that are directly 
vented to the outdoors (and draw outdoor aif for com- 
bustion). Nole that a single point source of heat can work 
well in a very well-insulated. tight hous^ when the air and 
heat movement are handled indirectly by air flows caused 
by the heat exchanger, rather than through heating 
ductwprk. 

In superinsulated retrofit situatfons, the sam^'^case 
should hold as in new construction: heating requirements 
have been dramatically redtjwjed, and the house is tight 



pliances hav^ not ,been isolated from the indoor air.) 
Balancing the airflows is usually accomplished w;ith a 
balancing damper in the intake air duct.^ 
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system, problems can fesult. ^ 

Heal exchangers have been directly connected to the 
cold-air return on the heating plant. Problems have arisen 
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when the hc*U t-xi lKm>.»cr p. iiol \\\ o\h'\.\\\o\\ but the 
luMhii)* pLinl p. (Ml 1 lu cvi h,m>'.eM ^ oir i .ui ii t* up ijuii k l\' 
Ih\.uiv <ui Is Ih iM); |>ulli<l (1ium(^*Ji llu i i>ir l)v llu* nun li 
lar};(*r h(Mhn>^; sysUMii Luis, vet ho vwum. sl.ilc .lii is nuu' 
inj; out to vv.uiu the ciuc 

1 hrn. when xXw cxi h.iii^'.cr is <^|>cr iii)', vvliilc llu' 
luMhiij'. I>l.ui! IS (^11 llu* \Myy luMling system I. wis will stiH 
Iv nccilcd iiUH'f tlic ,ni l!iiou^»li llic Iumim- \\ lvv(^ 
sysU*ins .uc Jirci (Iv t t^nrnj led I lirs<* huis um* iiuk li iiKwc 
cniMy.v tli/iii llios<* IviVf.illy Nnirid ow most IumI ex 



t li.iii>;(*iN .111(1 (Mi('[y,v s*ivmx»s ^\in be dMin.il u .illv rcdiucd 
b\" jxuvci lily', .ur iiun'cnicnl wilh l.uis rniK h \oo \.\\yy \o\ 
llu* 

lfi(»n. there is tlic problem o\ b.il.iiu mj.; .ii[ili>ws. Ilir 
laige lurii.u^l.ui t an ][nill an lliioiiyji llu* IumI cxi h.iiij'cr 
tniu li lastor lliari it ( an lu' expelled lluouyji the exiiaiisl 
1 o strive thK inil^aLiiue cuie desiy^nei clampered tKnvn llie 
heat ex( iKiiiy.cr vin inlakc to the ju^iit vvlu-ie ventilatuMi 
was greatly n^diu ed iriVrder to balance the an Hows. This 
tv(>e ol irist.illali(Mi makes the htMl e\( hanyer rather 
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Fl(;uKi: 16; '/I halanccii air flow is the }^oiil wfwfi adjusting the Iwiit (U(*/jiin^er's air intake inid outfhnv lewis. This can he 
acrompli^hviVhx/ iianipers On a mild dax/ with low toind speeds, the air flow can he halanced with a two-person check . 
( W per<ion o/wnvs whether air is leaviti^ or entenri}^ the house, while the other person adjusts dampers until the fl 
is halanced More sophisticated techniques are also availahle for use m this task 
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U'^'less: it is s<i damjH»rt'd down^hat litlle air exc hangt* is 
gDifig to take place. 

h tias JxTn suggested that the air-to air heal exchanger 
could l>c best coupled to a lorced air system by simply 
(lumping the fi-esh, warrned air near the cold-air return 
register in the living space. Another suggested klea has 
been to directly duct to the cold air i-etum, but install an 
opi»n tee that allo\Vs the furnace to bypass the heat ex- 
changer II the two div not running simultaneously. But, 
neither oi these methods solve the prt^blem of proper and 
rt»liable distribution of fresh air while still saving energy . 

Other experts have noted that, in many cases, the ex- 
isting heating supply and return registers are not located in 
the places where the heat exchanger supply and return 



poiis would be. For example, extra ductwork might still 
l>e needed to pull exhaust air Irom kite hens and baths, and 
supply air ports from the exc hanger might be best located 
higli on the walls, rather tlian at the llooi level, which is 
common in most fofcH.»d-air heating systems. 

In general, the air-to-air heat exchangers that are on the 
market today are not easily compatible with a (orced-air 
healing systerrt, from eilher^^n opt»ralional or economic 
standpoint in most applications II a lorced air system is 
desirable or necessary for. some reason (combined healing 
and cooling, or a very large house), engineering expertise 
must be obtained to ensure that all potential problems 
have* been notecl and solved. 




Clothes DRYERS 



Several grantees explored the idea of recovering waste 
heat from residential clothes dryers or using waste attic 
heat or solar heal to preheat air lor dolhes dryei^. In the case 
of one C^*gon grantee, this involved the use of an air-to-air 
heal exchanj^;er. 

Much, ot this work illustrates that the clothes dryer is a 
problematic source; of residential space heal. In marry homes^ 
the dryer is used too infrequently io a significant contri- 
bution to space heat. Thus, invest inga.nioney in recovering 
this heat" may not b^ a wise energy conservation investment. 
And. because of the lint and other potential pollutants lound 
in dryer exhaust, complete hllering can become an expensive 
proposition. 

I he Oregon grantee noted these problems as he attempted 
to apply air-to-air heal exchanger technology to the clothes 
diyer But, in the course of his work, the grantee realized that 
air tt> air heat exchangers may be well suited to recaptunng 



heal from commercial laundry dryers for usefcs space heal in 
adjacent rtioms. Commercial dryers see near-continuous use, 
and in this aRplicaiioh, automatic cleaning (to remove lint 
buildup lro;»i the heal exchanger, core) mighl prove 
economically justifiable. 

Perhaps a more promising application ol he^l-recoyery 
technology for comm^ial laundries may be using the recap- 
tured heal lor hot ^ater production, since this is a major 
energy cost^for many laundries. This involves the use of an 
air- to- liquid heal exchanger, and a number of grantees had 
success with this approach t^ecause this t<^chnology is fairly 
well develojXHJ. 

At the present state of the l<?chnology for residential ap- 
plications, air-to-air heat exchangers are best used^only for 
ventilation and dehumidificalion, not ocapluring waste heal 
directly from clothes dryers or other internal heal producers. 
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This section covers control slralegies for ihe heal ex- 
change system, including control by manual, auto- 
mated and humidity methods. Controls that allow for 
greater ventilation when desi?^d ar& explained, as are 
recommendations for achieving adequate ventilation on a 
continuous basis. 



Continuous; Low-speed Operation 

To be assured of constant ventilation, ^controls that 
allow for continuous, low-speed operation of the heat ex- 
changer may be the best choice. In this instance, the heat 
exchanger runs continuously throughout the heating 
season. If the machine's capacity js great enough, extra 
I ventilation for kitchens and "baths can be achieved with 
manual over-ride timer switched that turn the exchanger 
on high speed for a short period of time, and then allow 
the machine to revert to low speed. When extra ventila- 
tion is desired in general, these same manual switches can 
step up ventilation to the desired level. (This illustrates, 
again)=9he importance of choosing a machine large enough 
to supply the extra level of ventilation.) 

If the machine in question has only one speed, a speed 
controller usually can be installed to, allow for variable 
speed operation. The low-speed mode should be chosen 
to allow for at least 0.5 ach (or the minimum level in some 
parts of California of 0,7 ach) when operating continuous- 
ly. (This may demand some advice from the manufacturer 
after considering your ductwork scheme and other 
factors). 

Continuous operation of the machine at low sj>eed 
won't consume much energy if the heat exchanger's fans 
are the most efficient type. Fans that consume larger 
amounts of energy may increase the cost of continuous 
operation by up to four or five times that of the low- 
energy fan types. 



Control by percent Timer 

Percent timers activate the niachine for an adjustable 
pre-set percentage of each hour or segment of an hour. 
Percent timers allow for flexibility; this type of control can 
offer a wide range of ventilation from minimal, but regular 
operation to continuous opj^ration. Thus, there may, be 
little difference in ventilation between control by percent 
timer or simple continuous operation, sdthough peak 



pollution times may not coincide with the time the 
machine is running under this type of conlroi Percent 
timer control might be the best choice for machines that 
run on only one speed— energy savings can result from 
regular, but not constant, high-speed operation. 

Control by Humidity 

Most manufacturers offer controls that operate the 
maciiine whenever humidity in the house leaches an unac- 
ceptably high level. Because tight houses with inadequate 
ventilation can suffer from high indoor humidity (pften in 
the 50 to 60 percent range), these types of controls can 
alleviate excess moi^ure problems. 

However, this typ^ of control does rtot insure con- 
tinuous or regular operation of the heat exchanger. 
Several cases have come to light that prove that, in some 
households, lifestyles are such that not enough moisture 
will be generated to activate the machine for several tiays 
at a time. This is more likely to be the case in faifiilies 
where all the adults work away frorn the home during the 
day or when there are few occupants in a large house. 

Humidity control involves the use of a humidistat that 
ig operated as a "dehumidistat" to activate the device 
when humidity reaches a pre-set (but adjustable) level 
(often 35 to 40 percent relative humidity). Humidity con- 
trol is best used as a back-up control, not the main control 
system, unless the heal exchanger is being used only for 
control of excess moisture. 

Summer Control . 

Heat exchangers can recover somie coolness from outgo- 
ing air when run in warm weather. But, because heat ex- 
changers are typically used to recover heat in cold-jclimate 
conditions, some machines are not really designed to be 
run in the summer. 

Moisture in warm, incoming air may condense in the 
core urfder summertime conditions. Hojvever, at least one 
manufacturer has designed a" machine that features con- 
densation drains-for both air streams in the corip to allow 
for summer condensation to be drained. Consult the 
manufacturer about summertime operation and 
recommendations. 

If the machine is to be off during the warmer seasons, 
the occupants should be aware that ventilation will -need 
- to be accomplished entirely through operable wind^pvs. 
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How cost-effective an air-to-air heat exchanger will 
be in your application depends on many factors. 
Economic performance of heat exchangers in tight houses 
depends on climate, the cost of fan energy consumed, 
machine efficiency, fuel cost for heating, lifestyle of the 
occupants and what they s^t the thermostat at, and the 
cost of the machine sihd installation. 

Obviously, the extremely tight hous^ like all houses, 
must have some sort of ventilation to maintain a healthy 
environment. This ventilation coujd be provided with 
wijndows; doors or mechanical fans. But, ventilation with 
heat recovery can provide this ventilation at a substantial- 
ly lower cost than simple mechanical or natura) ventila- 
tion, which carries an energy cost penalty. 

Basically, in the house without the heat exchanger one 
is paying 100 percent of the co3t of heating air entering th^ 
-house by natural means. In the house with a. heat ex- 
changer tljat is 70 percent efficient, one is paying rou^ly 
one-third of this cost of heating air for ventilation, plus 
the cost of fan energy and ni^chine maintenance. 

in addition, there is a benefit that is more diffici^t to put 
a price tag on: predictable, controllable and uniforn) ven- 
tilation, something that many conventional houses'lack. 
In reality, it would be virtually impossible for the oc- 
cupants to supply a continuous 0.5 ach by closely- 
monitoring windows, doors and exhaust vents. Part of the 
time, ventilation would be less than this lev^l, ahcj part of 
the time ventilation would be greater. In contrast, the heat 
exchange system can supply 0.5 j^ch continuously, with 
little or^o action on the part of the occupant. Thus, in ex- 
tremely tight houses, the question of whether to use an 
air-to-air heat exchanger should not be decided on a sim- 



ple economic basis alone; it is an essential component ol 
this type of construction on a vctitilation basis. 

However, the air-to-air heat exchanger is usually a cost- 
effective investment in a superinsulated house, whether it 
is considered a separate investment or as a part of the total 
extra cost for superinsulation. Heat exchangei^ are meant 
for use primarily in the tightest of houses. Other some- 
what tight houses may also need additional ventilation, 
but this rtiay be better provided with the conventional 
ventilation methods available in most home^ (windows 
and simple mechanical exhaust). 

Heat exchanger economics in residential settings are 
quite sensitive to the cost of the machine and installation, 
fuel cost andjclimate considerations. Basically, the heat ex- 
changer has been shown to be the most rost-ef feet ive in 
tight houses in cold climates (above 6,000 heating degree 
diys a year), when the exchanger cost is about $1,200 or 
less (machine and installation), and when fuel costs are at 
or above the natiorlal average. In addition, the more ven- 
tilation the machine offers (let's say 80-90 percent of th^ 
house's total ventilation is provided%>y the heat ex- 
changer), the better it will look economically. 

Commercially available whole-house, ducted heat ex- 
change systems .Currently range in price from roughly 
$1,100 to $2,500, including all installation and control 
costs (1983 prices). The average total cgst is generally 
about $1,300-$1,500. In the late 1970s, it was thought that 
heat exchangers wo^ld be available in the $200-$500 
range. Lack of demand and other factors have made for 
much higher prices, a situation that has further impeded 
the use of this technology-. It is likely that prices will be 
reduced, if mass proc^uction techniques and improved 
marketing efforts are adopted by manufacturers. 



m. CONCLUSION: 
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The need for some type of energy-efficient ventiLi- 
tion in tightly built, northern climate houses is 
' clear; this type of housing is rapidly gaining popularity 
across the Northern Tier states. Yet, lack of consumer and 
professional information and, to some extent, the inability 
of the manufacturers to reach and service tfie market is im- 
peding the use of the only type of residential heat> 
recovery ventilation currently available in the United 
, States: the air-to-air heat exchanger. 

Work done in the [X)E Small Grants projects illustrates 
that it is possible to build a highly efficient air-tg-air heat 
exchanger that is an economically attractive way to pro- 
vide yentilation in tightly built, coldKrlimate houses. And, 
" 9 small number of manufacturers and building-trades pro- 
fessionals are currentjy capable of providing the machine 
and the service expertise ne^pded to successfully use the 
technology. ^ 

But, the lack of demand for these devices, largely due to 
lack of consumer infprmation, has made it apparently im- 
possible for many small businesses in this field to make 
their products easily accessible toxonsumeK. Product and 
service development is, for the n«st part, in its infancy, a 
situation that provides considerable barriers Jto the poten- 
tial implementation of this technology. 

Specific barriers to implementation include: ^ 

• Lack of knowledge and awareness of the indoor air 
quality problems that may occur in tightly built houses. 
Mo^ building-trades professionals, homeowners and 
occupants have little understanding of potential indoor 
♦ pollution sources and how to best remedy them. Signifi- 
cant potential pollution sources are currently being incor- 
porated into sonie tightly built housing, and little atten- 
tion is being given to the ventilation needs for these 
houses. Old and new energy technologies are clashing; 
safety and health problems may arise from this lack of 
understanding and knowledge. 

^ Lack of agreement among professionals a^out proper 
yentilation levels in housing. -/ 
The advent of airtight housing construction techniques 
has brought a new question to the professional corhmuni- 
ty: How much ventilation with outdoor aic is needed to 
provide a healthy environment? Because of the disajgree- 
ment in recommendations among professionals - and 
researchers in this field, heat exchanger manufacturers 
have little guidance on how to best size their machines to > 
meet the need. 

Until more indoor air quality research is completed, and 
until more work is done with ventilation, heat exchanger 
manufacturers may produce and market machines that are 
improperly sized to meet the ventilation requirements of 
the majority of houses. In addition, the method of in- 
stallation of the machines may make for ^ less-than- 
desirable ventilation levj||| in some homes. 
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/Initial research in infiltration and ventilation is in- 
dhsating that ventilation may be inadequate at tirjies in ' 
rhany conventionally built houses that rely mainly on in- 
filtration for ventilation. At present, it is exti^emely dif- 
ficult for builders to achieve a predictable aii^change rate 
through conventional building processes, unless 
mechanical ventilation is^ installed. And, there is no 
mechanism to determine when conventional houses 
should be tested or retrofitted with improved ventilation 
systems. 

Some i^esearchers argue that until a large, random- 
sample baseline infiltration-ventilation study is done on a 
national scale, agreement and recommendations on m^y^ 
-of these points will b^ impossible. 

• Lack, of standardized testing for residential-scale ven- 
tilation systems. 

Some nations arc developing stcindardized testing of 
residential-scale heat-exchange ventilation equipment, but 
no such work is being done in the United States at present. 
This lack of standardization makes it difficult for the con- 
sumer to. compare features, capacity and e^ctiveness of 
the available machiros. 

• Lack of design and installation assistance and ade- 
quate consumer information. 

Most manufacturers simply make and market a 
machine, not a ventilation system. A thorough product 
search revealed that while there are more than 20 
manufacturers of residential-scale air-to-air heat ex- 
changers in the United Statesjjbnly a few provide enough 
ir\formation, service and assistance to make this 
technology readily available to consumers. Professionals 
and builders who may wish to employ heat exchangers in 
housing often have little guidance on what to do after the 
machine arrives. The machine's installation, controls and 
servicing are often left solely to the buyer. Significant 
product re^arch and development appears to be needed, 
yet few manufacturers have the resources to provide this 
vital link. 

• Lack of appropriate control technology. 

More research is needed to provide reliable control of 
air-to-air heat exchangers in the residential setting. The 
problem is two-fold: no national ventilation norms exist, 
and most manufacturers' control packages (Or lack of 
them) are^uch that the buyer has little guidance on what 
level of ventilation is actually being accomplished by the 
machine. Although current technology and design tools 
exist to gain working control over the machines, manufac- 
turers need to develop simple, reliable controls that are 
easily installed and operated. Several DOE Appropriate 
Technology grantees developed microprocessor and elec- 
tronic controls to save enei^ through controlled ap- . 
pliance and heating operation. Exchanger manufAt^urers 
might consider exploring the possibility of adding heat ex- 
changer controls to existing home-eneijgy control 
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lechiiolDKy similai lo ihos** curiTnHy available or [hose 
developtul in ihe IK)[- projecls 



Lessons from Abroad 

Bt»taus4» o( ti>lcl climate and high energy losl^ somv na 
tiohs have done i misiilerable resedrcli into the field of 
tiKfil lu)ust»s and hec\t n»covery ventilation Sweden is 
notable in this i^egard this nation adopted mandatory 
ventilation standards several whi*s ago. and a significant 
amount ol rrsearch has been ci^rcled toward controlled 
ventilation, tis oppos^»d to ventilation through infiltration. 

Research in Sweden has indicated that the air-to air 
heat exchanv,er provides excellent ventilation in extremely 
tight houses, but airflows may be shoii -circuited in houses" 
that are not extrtMnely tight. To provide heat -irco very 
ventilation for this s^^'cond groOp of houses, the Swedes 
^ developed a system that is not as sensitive to aii prt^ssure 
changes and air leakage througfi the building shell. 

This substitute for the air to-air heat exchanger has been 
developed and marketed in Sw;eden for several years. This 
system, simply known as controlled mechanical ventila- 



tion, rfntails the installation of small slot vents in the lop 
casingpi of tfie windows cm through the walls in each rcH)m. 
The sK^t vents can be adjusled. but never completely 
cl()st»d oil. Mechanical exhaust lans u/l^ithiooin and kjt 
ciben. opiTated by controls, negatively prc^ssuri/e the 
houst\ losing air to enter the home through the slot 
vents. Exhaust air is nm over the ccmIs ol a heat pump that 
produces domestic hot water and in scMne ca.s<*s. space 
heal, as well. 

This system has been lound to provide good ventila- 
tion, and it can provide hot water year-round, as well as 
meet the SwedisMvenlilation code which calls lor a con- 
tiguous 0.5 ach. It is thought to be cost-eflective in mon* 
moderate climates, as well (Figure 17), 

This technolc^gy is not currently available in the United 
States, although United States heat pump technology is 
easily at the level where this type c^f system should not be 
difficult to employ. 

Obviously, wc^rk with heal -recovery ventilation for 
energy -eflicient hc^using is just beginning in the United 
States, and considerable research and development and 
consumer education ai^e needed lo emplc^y known or 
available technologies tc^ward this end. 




Exhausted 
Air Outside 



Controlled 
Infiltration 
Air In 



Heat Recovery 
Ventilation Device 



RCURi: 17: This simplified drawing ilh^fitrates the Swedish heat-recovery veritilaiiaii system, which employs an air-to- 
water heat pump. Fresh (^ir is draiori through small v^M holes placed high on the walls by a fan. which pulls stale, warm 
air over the coils of a heat fnirrtp. The recovered hfat is used to warm domestic water. 



The tollowing grant projects were- 
among those reviewed in course of 
tho development of this publication. 
Grant projects are divided into groups ac- 
cording to technology and end-use. 

Agricultural use of air-to-air heat 
exchangers 

I le.it Exchanger Application to a Farrow- 
ing House Bam 
lohn S. Clay 

Virginia Settlers Energy Center 
Blacksburg, VA 

DOE Region III ^ ' ' 

DOF Grant No l)E-FG43-79R306102 
ATMIS ID VA 79O05 

An air-to-air heat pipe heat exchanger 
was installed in a swine bam to reduce 
ventilation heating demands and improve 
air quality thus improving livestock 
|>rodiKtion. 

improved !*oultry House 
I homas I). Harris ^ 
Auburn, AL 
nOH K^^fIOM /V 

nOF Grant No DE -IHr,44-80R4 10079 
ATMIS ID: AL-79-002 

A feasibility study is presented investi- 
gating improvements to the heating, ven- 
tilating, and air conditioning requirements 
of poultry pro)ii}ction housing facilities. 

A Heat Reco\Jery System for Grain 

Drying 
timer B. C^)ben>t^ckling 
New Vienna, lA 
DOF Rcfoon VII 

DOE Grant No. DE-FG47-8pR701115 
ATMIS ID: lA -80-016 ) 

A prototype air-to-air heat exchanger 
system was installed on a corn-drying bin 
to reduce purchased energy for drying 

com. 

Residential applications for air-to-air heal 
exchangers 

Development of Low-Cost Air-to-Air- 

Heat Exchangers 
•The Memphremagog Group 
Blair Hamilton 



Newport, VT 
DOE Region 1 
DOE Grant No, 
ATMIS ID; VT- 



DE-FG41-B0R110348 



This project involved development of a 
residential-scale air-to-air heat exchanger 
from theoretical design work through 
prototype construction and field testing 
to the point of commercial readiness. A 
second (greenhouse scale) unit was 
developed to the final field test stage, and 
successfully tested in ar) agricultural, 
setting. 

Low Infiltration-High Insulation House 

Constmction 
Churchill Construction, Inc. 
E. Joe Churchill 
Ndacomb, IL 
DOE Region V 

DOE Grant No. DE-FG02-79R510111 
ATMIS ID; IL-79-004 

This grantee, a contractor, built a 
superinsulated house and employed a 
home-built air-to-aiY heat exchanger for 
humidity control. ' 



a^oo4 



Thermal Efficiency Constmction Demon 

stration 
Richard P. Bentley 
Tupper Lake, NY ^ 
DOE Region II 

DOE Gnmt No. DE-FG42-r79R205035 
ATMIS ID: NY-79-024 

This project involved detailed monitor- 
ing of .the thermal and air leakage per- 
formance of a superinsubted house. Par- 
ticular attention was paid to ventilation 
and infiltration measurement. 

Testing an Air-lp-Air I^Jp at Exchanger At- 
tached Jo a Residential Clothes 'Dryer 
Alan H.Jponer 
Eugene, OR 
DOE Region X 
DOE Gnmt No. DE-FG5M1R001317 
ATMIS ID: OR-«1-003\^ 

A prototype air-to-air heal exchanger 
was tested as an energy recovery device 
attached to a residentia] clothes dryer. 

Rnkkntial iii^of heat recovery 

Heat Recovered From EX)me5tic Refriger- 
ator for Water Heating 
Hawaii Natural Energy Institute 
James C.S. Chou 
Honolulu, HI 
DOE Region /X' 

DOE Crmt No. DE-FG03-78R901938 
ATMIS /D.-H1-78-006 



The concept of adding a water-cooled 
condenser to a household refrigerator for 
preheating domestic hot water was tested 
in a laboratory. Indications arc that in-^ 
* eluding this feature at point of manu- 
facture holds promise, but design 
complexity and the wide variety of avail- 
able refrigerators precludes easy employ- 
ment of the tecnnblogy by consumer 
modification of the appliances. 

T 

Recovery to Preheat Domestic Hot Water 
Wayne W. Monroe 
Windsor, CO 
DOE Region VlII 

DOE Grmit No. DE-K:;48-79R8004:^ 
ATMIS /D:CO-79-009 

This project involved collecting hot at- 
tic air and circulating it through a duct 
system to a' heat exchanger to preheat 
domestic hot water. 

Attic Heat for Passive Preheating Domes- 
tic Hot Water 
Edward T. Knudsen, Jr. 
St, Petersburg, PL 33710 
DbE Region IV 

DOE Contract No. DE-FG44-801?4l009d 
Aims ID: FL-79-012 

Commercial fin-tube convectors were 
used as heat exchangers and installed in a 
garage attic. The attic heat was used to 
preheat the water coming into the stand- 
ard water heater. 

Solar Assisted Clothes Dryer 
James M. Stana 
Longwood, FL 32750 
DOE Region IV 

DOE Gnmt No. DE-FG44-60R410101 
ATMIS ID: FL-79~0a3 

This project investigated the j[>ossibtlity 
of inexpensively ducting attic hot air to an 
electric resi^tial cldthes dryer to redAce 
electrical energy usage. 

Conunercial use of ^at recovery 

Bakery Oven Rue Heat to Heat Domestic . 

Hot Water 
Clever Hans Bakery / 
Jonathan A. Bernstein [ ( 
Ithaca, NY V 
DOE Region II 

DOE Gnmt No. DE-FG4^R205181 
ATMIS ID: NY-aO-011 • 
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A small bakrry demonstrated the uue of 
a heal rxchanger to recover oven flue heal 
lor use in heating water for fukery use 

Bakery /Restauranl Oven Waste Heat He- 
ro very I design Software 
I^ilip Theisen and James McCray 
Madison. Wl 
f)C:)f Regwn V 

pOL Crttnt No. Dl--rc02-aOR5 10251 
AT MIS ID m-&yw5 

The grantee developed computei* soft- 
ware (Fortran language) for analyzing air 
lo-air heal recovery systems for gas-fired 
restaurant /bakery ovens. 

Wiiste Heat Recovery System for Com- 

HKrcial Cooking Appliances 
HydrcKoil Mfg. Co. 
R ). )ones ' 
Los Alamitos, CA 
DOF Region IX 

not Grant No. DE-FG03-78R901916 
AT MIS ID CA -78^23 

W*tslr beat recovery from restaurant 
gas-firtd cooking appliances was demon- 
strated in this project. Rue gas waste heat 
was recovered and used lo reduce water 
heater gas consumption. 

Commercial Lmndromat Waste hS Re- 
covery from Qothes Dryers 
Hnergy Center, Sonoma State University 
Roy Irving 
Rohnert Park, CA 
DOE Region IX 

DOE Grant No. DE-FG03-78R901906 
ATMI$ ID: CA-78-021 

The project objective was to study the 
feasibility of recovering waste heat from 
clothes dryere to prehe«t hoi water for 
washing. A small-scale prototype system 
which included an air-to-liquid heat ex- 



changer, 200- gallon preheat lank and 
interconnecting piping was dosignetl Spe- 
cifii problems addresse<l weiv econoinu 
leasibilily. Iinl ( onUiiniticihon and iiatutdi 
convection of water circulation 



Commercial l.aundroina» Rci yt It^ Waste 

Heat to Preheat Water 
Saunders A Sons EiUeipii.ses 
Hamest Saunders 
Westerly, Rl 
DOE Region I 

IX^E Grant No. Dli-IKA 1 -SOR 1 10392 
ATMISID, Rl 80 002 

A laundromat recycled waste heal (rom 
10 commercial dryers to preheat the water 
used for washing. A manifold system was 
designed using a rubber lube mat original 
ly developed as a solar collector material. 
The components have minmial problenxs 
with lint accumulation and a\v easy lo 
clean — both distinct advantages over 
finned-tube heat exchangei^. Annual 
energy savings of over 50 percent were 
noted by the grantee in the report . 

^ Waste Heat Recovery and Solar Water 
Preheating in Coin Lauruines 
Nolaii E. Cloud. 
Winterville, GA 
DOE RegionlV 

DOE Grant No. DH F<;44 80R4l02^3 
ATMIS ID: GA-m^l 

Two coin laundries in Winlerville/ 
Geprgia were retrofitted with dryer waste 
heat recovery devices and solar panels lo 
preheat wash water. One additional laun- 
dry was et^uippetl with the waste heal 
recovery device. An air-lo-liquid heal ex- 
changer is used in the dryer exhaust duct. 
Water is sprayed (i^^Fktdically on the fin 
tubes of the heat exchanger to remove ac- 
cumulated lint. 



W.\.sle Water l-nergy Recovery Heat Ex- 

< hanger 
Cnjinf) PriKlucls. hu 
KoIh'iI I C lump <■ 
LouisviUe. KY 
DOE Ref^ion IV 

DOE Contract No [)b:-FG44-80R410171 
ATMIS ID KY 79 002 

A patented water heal exchaitger jfp- 
paraius. suitabk' for actively used com- 
mercial dishwashers and/or commercial 
laundry eqiupmeni, was refined and 
evaluated for energy savings, both 
theoretically and with on si I e teslin^p^^ 

Huid Coil Heat Recovery Loop System 
YWCA/YMCA 
IXuTcll i'. Huggins 
l^iCrosse, Wl 
DOE Region V 
DOE Contnu t No. 0^-^:02-7^510160 
ATMIS ID: WI-79-004 

The grantee demonstrated the use of a 
liquid-lo-air heat exchanger system j|o re- 
cover heat from the ventilation exhaust of 
a YWCA/YMCA locker room and use it 
to preheat cold, incoming fresh air. 

Residential Dryer Exhaust Energy Recla- 
mation 
Dryennale C^mp^^ny 
Dennis M. Swing , 
Xenia, OH \ • ^ 

DOE Region V 

DOE GroTit No. DE-K:02-79R510145 ;^ 
ATMIS ID: OH-79-010 

A demonstration program was imple-r^^ 
menled to determine, by actual in-home 
testing, the advantages and disadvantages 
of indoor venting of ordinary residential 
clothes dryers. Fifty-two honi»3 were 
equipped with energy devices. An opin- 
ion survey was conducted. 
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The follov^ring list shows manufactur- 
ers in North America who make resi- 
dential^ale air-to-air Rrat exchangers of 
variou^ types. Inclusion in this^ltst is in no 
way to be construed as an endorsement of 
any manufacturer or product by NCAT, 
DOE, (>r the authors. 

ACS-rioval 
9i5 N. lively Blvd. 
Wooddiale, 1L^91 
(312) *i0-6860 



The Air Changer Co. Ltd. 
3M King St., East 
Suite 505 

Toronto^ Ontario, Canada 

N45A1K8 

(416) 947-1105 

Airxchange, Inc. 
30 Pond Park Rd. 
Hingham, MA 02043 
(617) 749-«440 



Aldes-Richs 

157 Glenfield Road R,D. 2 
SevYicUey, PA 15143' 
(412) 741-2659 

Bemer International Corp. 
216 New Boston Street 
Woburti, MA 01801 
(617), 933-2180 
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RLu'kh<)wL IfidiifilriCb Int 


\ ioalex. Inc. 


P M. J^right 1 td. 


607 Park $i. 


3530 Lwt 28lh Street 


1300 Juk^ I'oilras 




Muineapolis. MN 55406 


MontriMl. 


C .ha.kLi S4N SNi 


(612) 'PA 2J33 


Canada. H4N 1\8 


(306) 92A 1551 




(514) 337 .U31 




Memphreniagog Heal 




R*>ssaiiY Inc ^ 


lixchangers. Inc. 


Q<lot Corp. 


41S W Broadway 


P 0 Itox 456 


701 North Hrsl St. / 


N4inii6apt)lis. N4N 55'4 1 1 


NewvK>rt. VT 05855 


Garland. I X 750-lp / 


(612) S21 -90lU 


(802) 3.M 5412 


(214) 487 1130 


Gons6rv3tion Fj^orgy Systt*ii\s Inc. 


Mitsubishi Electric ISiiles 


RayDol Inc. 


flOO Sn^iina Crescent Vjksi 


AnK»rK'a Inc 


145 Jackson Ave. 


P 0 Box 8230 


* 2(1X30 East Victoria St. 


Cokato, MN 55.321 


Saskatix)n. S<iskal chew tin 


-Rancho Dt)mingne7, CA 90221 


(612) 286 2103 


C jinada S7K 6C6 


(800) 421-1132 




(306) 665-6030 




Solatedi Inc. 




Mountain Enei^ & Resources, Inc. 


1325 East 79th Street 


I^*es C}iam|>s l^ib>oralones. Inc. 


15800 West Sixth Ave. 


Minneapolis, MN 55420 


n«>y 440 


Golden CO 80401 


(612) 854-4266 


17 FArinelLi Orive 


(303) 279-4971 




RaiU H mover Nl 079"^ 




X Change Air Corp. 


(201) 884 1460 


Nutech Eneqi^y Systems. Inc. 


P.O. Box 534 




P O- Box 640 


Fargo, ND 58107 


Kn#»r-^ \'>m K/ian^w*n"H'nt ltd 


Exeter, Ontario 


(701) 232-4232 




Canada NOM ISO 




▼ V U 11 IIL^?^> JVI4U Uli,'l.|44 


(519) 235-1440 


Plans 








nc\A\ ATI- 12il3 


Nulone Housing Croup 


Home-built exchanger plans 




S<~i")vili ln<" 


U.-Leam 




Miriflison and Red Bank Roads 


Extension Division 


4501 ftnice Ave. 


Cincinnati, OH 45227 


University of Saskatdiewan 


Minneiipolis, MN 55424 


(513) 527-5112 


Saskatoon, Saskatchewan 


(6U) 926 1234 




Cmada S7N OWO 






(306) 343-5974 
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APPENDIX D 
STANDARDS 



\ ' 
I 

TWO staiidatxls apply to residential 
venlilalion levels. The first sland- 
ardr Ventilation for Acceptable Air Qual- 
ity, was adopted by the American Society 
of Heating, Refrigerating, and Air Condi- 
tioning Engineers, Inc. (ASHRAO) in 1981.* 
The puipose of the standard is to specify 
minimum ventilation rates that will pro- 
vide air quality that Is acceptable to the 
occupants and will not impair health. 

The following table ^hoWs the 
ASHRAE Ventijation standards as they 
apply \k residential buildings. Note that 
the standards are specified in cubic feel 
per minute (cfm) and liters per second 
(L/s) rather than air changes per hour 
(ach) and are independent of the size of 
the room being ventilated. 

The ASHRAE standard specifies that if 
outdoor air quality does not meet ap- 
plicable federal or state standards, air 
cleaning should be employed. In addition, 
the air delivery rates specified are assumed 
to be continuous, regardless of outdoor 
weather conditions. 

The second standard that pertains to in- 
door air quality is the U.S. Department of 
Hoilsing and Urban Development (HUD) 
Minimum Property Standard. HUD 
Minimum Pro[>erty ^itandards apply to 
federally financed home construction and 
to homes purchased with federally in- 
sured loans. The 1979 revision of this 
standard set intermittent exhaust rates in 
kitchens and bathrooms at 15 and Aach 
respectively. The standards also call for 
ventilation by infiltration or other means 
of 0.5 ach, as well as natural ventilation 
through operable windows, which must 
have a total area of at least one-twentieth 
of the floor area of the room. 

Some confusion may exist concerning 
these ventilation standards since the 
ASHRAE ventilation standard is^specified 
in cfm and the HUD Minimum Property 
Standard in ach; however, it is easy to 
convert the ASHRAE standard into an air 
exchange rate. The procedure is as 
follows: 

1) determine the number of rooms in 
your house, the total floor space 3rea, 
and the height of your ceiling 

2) multiply the total number of rooms in 
your house by 10 cfm to determine the 
total ventilation rate required by the , 
ASHRAE standard 

3) multiply the number obtained in 2 
above by 60 to determine the hourly 
ventilation rate in cubic feet 



' Oinnxx)R Aip Requirements R)r Venth ation 
Residential Facilities 
(Private diuelling places, single or trndttple, low or high nM') 



Outdoor Air Requirements 



Cointnents 



(^OT^^Ojjjjrable windows or mechanical ventilation shall be provided for use when 
occupancy is greater than usual conditions or v)hen unusual contaminant 
levels are generated witf^in the space.) 



General living areas 
Bedrooms 

All other rooms 
Kitchens 



cfm/room 
10 

10 



10 



L/s room 

^ 5 



Baths, toilets 

Garages (separate for 
each dwelling unit) 

Garages (common for 
several units) 



100 



50 



50 



25 



Ventilation rate is 
indepehdcnt ol 
room size 



Installed capacity 
for intemiittent use 



cfm/car space 100 L/s car space 50 



cfm/ft^ floor 1.5 L/s floor 7.5 



4) multiply the floor space area of you! 
house by the height of your ceilings to 
determine the volume of ay* space in 
your house 

5) divide the hourly ventilation rate (in 
cubic feet) into the volume of air space 
in your house (also in cubic feet) to 
determine the air exchange rate re- 
quired by the ASHRAE ventilation 
standard for your house. 

For example, let's convert cfm to ach for sL 

1,200 square-foot, six-room house with 

8-foot ceiling$ and no basement or garaged 

The total ventilation rate required is 6 

(ix)onw) X 10 cfm = 60 cfm 

The hourly ventibtion rate is 60 min/hr 

X 60 cfm = 3,600 cf/hour 

The volun>e of air space in the house is 

1200 ft^ X 8 ft, = 9,600 cf 

and the air exchange rate is 
3600cf/hr 



9600 cf 



375 ach 



Additional local exhaust ventilation is, 
of course, required in the kitchen and 



bathroom. And, operable windows arc 
required for additional ventilation 
throughout the house. Assuming that oc- 
cupants will use this local exhaust 
capability, as weU as contribute to ven- 
tilation by opening windowa^an^ doors, 
ASHRAE estimates that its standard will 
result in an overall ait^hange rate of 0.5 
to 1 ach. But, note that our example 
doesn't count these additional ventilation 
jrces. 

By setting its standard in terms of cubic 
feet per minute per room, ASHRAE 
didn't set a definite ach standard, such as 
HUD's 0.5 ach standard. Under the 
ASHRAE standard, ventilation doesn't 
increase by the sheer size of the house, 
but rather by the number of rooms in the 
home. 

Thus, these tentilation rates would be 
the same--60 cubic feet per nunute or 
3,600 cubic feet per hour for any home 
with six rooms! Note that for a smaller, 
1,000-square-foot, six-room home, the 
ach would calculate to be greater than in 
our 1,200-squaie-foot home. And, of 
course, the ach would be less in a larger, 
six-room 1,600-square-foot home. 
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LEARN 

FROM 



EXPERIENCE 




From 1978 to 1982 the U,S. 
Department of Energy provided 
about 2,200 grants to a cross-section 
of Americans with good ideas for 
saving energy. Their projects reveal 
how a broad range of appr9priate 
technologies actually work - from 
the farm to the country's largest 
cities. 

Their experiences have been ex- 
amined and presented in a series of 
thirteen informative publications. ■ 
Your State energy offices have a 
limited number of these publications 
available without charge. Addi- 
tional copies are on sale at U.S. 
GoiMernment Printing Office 
Bookstores near you. 



ERIC 



APPROPRIATE TECHNOLOGY 
AT WORK: Outstanding Pi^jects 
Funded by the U.S. Department of 
Energy ^Appropriate Technology 
Small Grants Program 
(1978-1981). 

Highlight3 tw*nty of the maii)/ success stories 
that are found in the DOE grants program 
GPO 061-OaMM6(»-7 

WASTES TO RESOURCES: 
APPROPRIATE TECHNOLOGIES 
FOR SEWAGE TREATMENT AND 
CONVERSION 

PrtMnH background information on conven- 
tional and alternative §exvagt treatment in the 
United States and the key issues facing 
municipal §ewage managers. 
GPO061^WM>06n-7 



DRYING WOOD WJTH THE SUN: 
HOW TO BUILD A SOLAR- 
HEATED FIREWOOD DRYER 

Shows the over 14 mtUion firewood users in 
Amcnca how to build an efficient, low-cost 
ftrewood dryer and contains suggestions for 
mote efficient burning of the dry ipood. 
CVO 061 00a 00613 3 

MOrSTURE AND HOME ENERGY 
CONSERVATION 

Focuses on detecting moisture problems in 
the home and hoio to correct tnem and in- 
cludes a training supplement on how to con- 
duct a moisture audit in a home 
CAK) 061 000-00615-0 

PHOTOVOLTAICS IN THE 
PACIFIC ISLANDS: AN 
INTRODUCTION TO PV 
SYSTEMS 

Helps teachers, aduh educators, and com- 
munity leaders m the Pacific Islands explain 
the basic parts of a PV system 
C\\) 061-000-e06lfr-fl 

USING THE EARTH TO HEAT 
AND COOL HOMES 

Provides a guide to using the earth as a readi- 
ly ax^ailablc. low- cost resource fOr space 
heating and cooling with a focus on installa- 
tion, economics, reliability and performance 
of systems utilizing low-grade geothermal 
energy and earth-temperea air systems. 
(iPl) 061 WX) 00620-6 

INTRODUCING SUPPLEMENTAL 
COMBUSTION AIR TO GAS- 
FIRED HOME APPLIANCES 

Shows consumers and building trades people 
how to increase heating system efficiency by 
using outside or supplemental combustion air 
and also includes a set of basic how-to in- 
structions to allow consumers to build 
necessary ducts and vents. Code and safety 
implications of these "actions /are thoroughly 
addressed. 
GPO 061 000-0062 1 4 



SOLAR GREENHOUSES AND 
SUNSPACES: LESSONS 
"LEARNED 



Focuses on the experiences of hundreds of 

DOE grantee^ who designed and built 

greenhouses, and examines individual 

greenhouse components, including iraniifig. 

glazing, storage, uefittlatiott and control 

mechanisms. 

GPO 061 000 00622 2 

HEAT-RECOVERY VENTILA- 
TION FOR HOUSING: AIR-TO- 
AIR HEAT EXCHANGERS 

Teaches owner-builder^. building trades peo- 
ple, and designers how to siz^ ventilation 
systems for energy-efficient housing Major, 
emphasis is placed on the air-to axr heat ex- 
changer. 

(jK) ()6I (X)(K)06M I 

MAJOR ENERGY CONSERVA- 
TION RETROFITS: A PLANNING 
GUipE FOR NORTHERN 
CLIMATES* 

Contains state-of-the-art strategies for the 
builder, architect, and skilled homeowner in 
deciding the most cost-effective procedures 
for insulating roofs and walls This decision- 
making manual ^ allows users in northern 
climates to determine the most cost-effective 
means for increasing the thermal efficiency of 
their specific building^ envelope 

HOME MADE ELECl RICITY: AN 
INTRODUCTION TO SMALL- 
SCALE WIND, HYDRO, AND 
PHOTOVOLTAICS 

Introduces the use of wind, water, and the 
sun as electricity producers and. based on the 
experiences of grantees, helvs the reader 
make a realistic appraisal of tnese systems 
GPO ()6I -(XX)-0()630-3 

WINDOW INSULATION: HOW 
TO SORT THROUGH THE 
OPTIONS* 



Focuses on the major decision and pro\ 
areas with the technology including choosing 
the right design for the window, how to 
choose a workable installation method, and 
how to size up your window-insulation needs 
given climate, cost, and home orientation. 

AN INTRODUCTION TO 
BIOGAS PRODUCTION ON THE 
FARM* 

Introduces farm-size biogas production and 
includes a brief discussion on how to evaluate 
the biogas production potential of a specific 
ranch or farm. ^ 



^blem 



*(Will ht available March, 19e4) 
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( )iir \v;i!*(*hoiLs('s hciv* ;H t he ( iovciMuihMil 

\'\'\\\ \ OlTlCC MMMIKU-C (^li.'in 

(linVnMit (J()V(M'iHmMi( puhlical ioiKs. Now 
wr'x'c {)iit l()^(»(}uM- a catalog of nearly 
! ,<)()() of ( h(» niost populai' books in our 
iTiVoTitory. I^ooks lik(» fnfaj/f (\tn\ 
N(iti())uil'^l\trk iiunlr ((nd Ma}), lln^ 
Space Shuttle (if \V(')rk\ Federal iyencfits 
for W'tera f/s a nd Dependents, 
Mereha fj^liSi )\)nrJ()l) 



Talents^ ainl The^/uteh )\trd Meeha n /e . 
R(M)k:« Of! .^ukjrcl^ raii|;iii};' fVoio 
a^iaculture, l)iisifH\ss, cliikli^Mi, 
a! 1(1 to sciooco, space o\pk)ial ioo, 
ti*airspo! (a( io!i, :u\(\ vac ations, r'ilhioiit 
w hat I lio ( io\ cnuncMit 's l)ooks aw all 
about. I^'oi' your (roo copy of our 
wew b(\s(s(MI(M' catalog, wi ito 



937 



New Catfllog 

Tosi Olluc Hon VJiHH) 



Bestsellers 



a, .... 



4. 



— 



